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EXECUTIVE SUMMARY 

With ever-increasing numbers and sizes of permitted vehicles and loads crossing Iowa’s 

highways and bridges, it has become more and more common for oversized, overweight vehicles 

to travel on at least four wheel lines that are evenly or unevenly spaced. The spacing of the 

adjacent wheel lines of dual-lane loads induces different lateral live load distributions on bridges, 

which cannot be determined using the current American Association of State Highway and 

Transportation Officials (AASHTO) Load and Resistance Factor Design (LRFD) or Load Factor 

Design (LFD) equations, which are only applicable for vehicles with standard axle 

configurations.  

Current Iowa law requires dual-lane loads to meet a five-foot requirement (i.e., interior wheel-

line spacing no less than five feet) or the maximum weight of each axle cannot exceed 20,000 

pounds (20 kips). It is necessary to understand the actual effects of wheel-line spacing on lateral 

load distribution, such that the five-foot requirement of the Iowa Department of Transportation 

(DOT) policy can be justified or improved and the applicability of the AASHTO LRFD or LFD 

equations to dual-lane loads can be determined. 

The main objective of this research was to investigate the impact of the wheel-line spacing of 

dual-lane loads on the lateral load distribution on bridges. To achieve this objective, a numerical 

evaluation using finite element (FE) models was performed.  

For simulation purposes, 20 prestressed-concrete bridges, 20 steel bridges, and 20 slab bridges 

were randomly sampled from the Iowa bridge database and used in the evaluation program. 

Two-dimensional linear elastic FE models of the selected bridges were established to derive the 

load distribution factors (LDFs) for the concrete and steel bridges and the equivalent lengths of 

the slab bridges. To study the variations of LDFs with respect to wheel-line spacing, 22 types of 

single-axle four-wheel-line dual-lane loads were taken into account with load configurations 

consisting of combinations of various interior and exterior wheel-line spacing.  

Based on the FE results, a similar procedure was used to derive the moment LDFs for the 20 

steel bridges and 20 concrete bridges, the shear LDFs for the 20 steel bridges, and the equivalent 

widths of the 20 slab bridges. The moment and shear LDFs were determined based on the 

internal forces in girders at critical cross-sections. The equivalent widths of the slab bridges were 

calculated based on the strain distributions in the deck at critical bridge cross-sections. For 

comparison purposes, the corresponding moment and shear LDFs and equivalent widths were 

also derived using the AASHTO equations. 

The adequacy of the Iowa DOT five-foot requirement was evaluated by comparing the LDFs and 

equivalent widths obtained using the FE models to those obtained using the AASHTO equations. 

Based on the derived LDFs and equivalent lengths, the axle weight limits per lane for different 

types of dual-lane loads were further determined and recommended to complement the current 

Iowa DOT policy and AASHTO code specifications. Conclusions were as follows: 
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 The moment LDFs in the negative moment regions were almost the same as those in the 

positive moment regions for both exterior and interior girders of the steel and concrete 

bridges.  

 The AASHTO LRFD and LFD equations either overestimated or underestimated moment 

LDFs based on the FE results. For the interior girders of the concrete bridges, the LRFD 

equations provided good estimations on the moment LDFs and the LFD equations 

underestimated the moment LDFs. For the exterior girders of the concrete bridges, both the 

LRFD and LFD equations overestimated the moment LDFs. For the interior girders of the 

steel bridges, the LRFD equations underestimated the moment LDFs and the LFD equations 

overestimated the moment LDFs. For the exterior girders of the steel bridges, the LRFD 

equations underestimated the moment LDFs and the LFD equations overestimated the 

moment LDFs.  

 The AASHTO LRFD and LFD equations also either overestimated or underestimated the 

shear LDFs based on the FE results. For the interior girders of the steel bridges, both the 

LRFD and LFD equations underestimated the shear LDFs. For the exterior girders of the 

steel bridges, both LRFD and LFD equations overestimated the shear LDFs. 

 For slab bridges, the LRFD equations slightly overestimated the equivalent widths in the 

positive moment regions and slightly underestimated the equivalent widths in the negative 

moment regions. 

 The LRFD equations gave more consistent predictions than the LFD equations. For the most 

part, no significant relationships were found between the important bridge parameters and the 

accuracy of the AASHTO equations in the prediction of LDFs and equivalent widths, 

although certain trends were found. For instance, the LRFD equations were less conservative 

for both moment and shear LDFs when the number of girders was no more than five, and the 

equivalent widths predicted using LRFD equations were less conservative when the modified 

span length was longer than 30 ft. 

 The Iowa DOT current practice on the moment and shear LDFs and equivalent widths for 

dual-lane loads is reasonable and adequate. 

 A lighter axle weight limit should be used for dual-lane loads with narrower wheel-line 

spacing. 
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CHAPTER 1 INTRODUCTION 

1.1 Background 

With ever increasing numbers and sizes of permitted vehicles and loads crossing Iowa’s 

highways and bridges, it has become more and more common for oversized, overweight vehicles 

to travel on at least four wheel lines. Commonly, these vehicles have nonstandard axle 

configurations that result in the wheel lines being non-uniformly spaced. It is widely accepted 

that the spacing of adjacent wheel lines has an influence on the lateral distribution of the wheel 

loads on bridges. However, current American Association of State Highway and Transportation 

Officials (AASHTO) Load and Resistance Factor Design (LRFD) or Load Factor Design (LFD) 

equations for lateral live load distribution on bridges are only applicable for vehicles having 

standard axle configurations with a six-foot axle and adjacent vehicles spaced no closer than 4 

feet apart.  

Current Iowa law specifies that trucks with four wheels will qualify as a dual-lane load only if 

the distance between the exterior-pair of wheel lines is equal to or larger than five feet. When 

considered a dual-lane load, the truck is then assumed to be the equivalent, in terms of lateral 

live load distribution, to two standard side-by-side trucks. However, if the gauge distance does 

not meet the five-foot requirement, the maximum weight of each axle cannot exceed 20,000 

pounds (20 kips. Clearly, it is important to understand the actual effects of non-standard wheel-

line spacing on lateral live load distribution. With such an understanding, the current five-foot 

spacing can be either justified or modified.  

1.2 Objective and Scope 

The main objective of this research was to investigate the impact of the wheel-line spacing of 

dual-lane loads on lateral live load distribution. To achieve this objective, a numerical evaluation 

using finite element (FE) models was performed to investigate the lateral load distribution of 

dual-lane loads on three types of common Iowa bridges: steel girder, pre-stressed concrete 

girder, and slab. To accomplish the evaluation, different wheel-line spacing for both the interior-

pair and exterior-pair were investigated to allow us to study a number of different types of dual-

lane loads on these bridges. Recommendations on the lateral distribution of dual-lane loads were 

given to improve current Iowa Department of Transportation (DOT) policies (e.g., five-foot 

requirement) and to also complement the current AASHTO LRFD or LFD specifications. 

1.3 Research Plan 

Task 1 – Literature Review 

During Task 1, a brief literature search and review was conducted to investigate other work 

related to the impact of gauge width and adjacent axle spacing on lateral load distribution. Of 

special interest was previous work related to steel girder bridges, pre-stressed concrete girder 
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bridges, and slab bridges, with a particular interest in the application of results to oversized, 

overweight vehicles. 

Task 2 – Analysis of the Impact of Wheel Line Spacing on Lateral Load Distribution 

To investigate the impact of wheel-line spacing on lateral load distribution a rigorous, two-

dimensional FE analysis study was conducted. After consultation with Iowa DOT Office of 

Bridges and Structures staff, it appeared that the most benefit will be derived by studying three 

types of common Iowa bridges: steel girder, pre-stressed concrete girder, and slab. Thus, the first 

step was to work with the Office to obtain plans for a representative group of approximately 20 

of each type of bridge.  

To facilitate the correct computation of the lateral live load distribution factors (LDFs), only 

bridges with less than 10 degrees of skew were utilized in the analytical study. Once the needed 

information on the bridges was collected, the research team constructed a database of the 

important bridge information (span length, number of girders, etc.). With this information, two-

dimensional analytical models of the bridges were created.  

For the purposes of this study, it is clear that the primary factor of interest is the gauge spacing 

for situations involving four wheel lines in which the spacing between each exterior pair can 

vary from 4 to 6 ft with the spacing between each exterior pair also variable. To study the impact 

of adjacent axle spacing, the spacing between each axle pair was systematically varied from 2 ft 

to 5 ft (in 6 in. increments) for exterior pair spacing of 4, 5, and 6 ft and the resulting distribution 

factors for each combination were calculated. In addition, a special case where the spacing 

between all four wheel lines was 3 ft was investigated. At the same time, the current AASHTO 

multiple-lane live load distribution factor was calculated.  

The final steps were to then determine for which spacing combinations the codified AASHTO 

equations are no longer valid and to validate the five-foot Iowa DOT requirement (or relax the 

restriction if possible). 

Task 3 – Documentation and Information Dissemination 

The researchers summarized the work completed during this project in this final report, which 

consists of four chapters.  
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CHAPTER 2 LITERATURE REVIEW 

Due to the increasing number and size of permit loads on highways and bridges, allowable truck 

sizes and weights of oversized, overweight vehicles need to be established using information that 

was not necessarily intended to be used as such. This is mainly due to the fact that the gauge 

spacing of these vehicles can be different from that of the notional HS-20 truck, which can have 

an impact on how live loads are resisted by the primary bridge elements.  

Several studies have been conducted to quantify the influence of truck wheel-line spacing on 

lateral load distribution on bridges. A review of pertinent information from these studies is 

presented in this chapter. 

Tabsh and Tabatabai (2001) performed FE simulations of oversized trucks with non-standard-

gauge widths on slab-on-girder bridges and developed modification factors to complement the 

AASHTO equations for LDFs. The researchers found that the first interior girder has the greatest 

LDFs of all interior girders, and that a gauge width wider than 6 ft results in a lower LDF 

compared to that predicted by the AASHTO equations. The researchers also found that the gauge 

width has greater influences on shear LDFs than moment LDFs. 

Goodrich and Puckett (2000) established FE models using the finite strip method to investigate 

LDFs for oversized vehicles on slab-on-girder bridges. Specific vehicles with four-wheel axles, 

which were either evenly or unevenly spaced, were also utilized for several parametric studies. 

Based on their FE results, simplified equations were developed to calculate LDFs for vehicles 

with nonstandard axle gauges. The simplified equations were in a form that incorporated the 

AASHTO equations for LDFs. However, due to the limited cases that they studied, these 

equations need to be further improved for estimating LDFs for four-wheel vehicles with 

unevenly spaced wheels. 

Bae and Oliva (2012) established various three-dimensional FE models of slab-on-girder bridges 

to investigate the moment and shear LDFs for oversized/overload vehicles. The dual-lane loads 

with variable spacing between the interior wheels were utilized for parametric studies. Through 

regression analysis of the FE results, equations were developed to calculate moment and shear 

LDFs taking into account variables including wheel-line spacing, number of spans, bridge skew, 

and diaphragms. The researchers also found that the positive moment LDFs were almost 

identical for single- and two-span bridges. However, the negative moment LDFs of two-span 

bridges were different from the positive moment LDFs of single-span bridges. 

Equivalent widths of concrete slab bridges were evaluated using numerical simulations and field 

testing by two research teams (Mabsout et al. 2004 and Jones and Shenton 2012). However, no 

publications were found to study the load distribution characteristics of oversized vehicles on 

slab bridges.  
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Mabsout et al. (2004) conducted FE simulations of single-span concrete slab bridges to 

investigate the influence of span length, slab width, and loading conditions on lateral load 

distribution. The FE results were compared with the AASHTO equations.  

Jones and Shenton (2012) conducted field tests on six concrete slab bridges to obtain the actual 

equivalent widths of the bridges. The results were compared with those calculated using the 

AAHSTO LRFD equations and showed that the AASHTO equations were conservative 

compared to the test results. 
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CHAPTER 3 FINITE ELEMENT ANALYSIS AND RESULTS 

3.1 Bridge Selection 

A database containing 1,721 prestressed-concrete bridges, 979 steel bridges, and 556 slab 

bridges was provided by the Iowa DOT staff. A sub-database consisting of the bridges with skew 

angles less than 10 degrees and no more than three spans was further extracted from the 

database. From the sub-database, 20 prestressed-concrete bridges, 20 steel bridges, and 20 slab 

bridges were randomly sampled and then utilized to establish FE models for this investigation of 

lateral load distribution on bridges.  

Note that, because it is well accepted that the LDF decreases with an increase of bridge skew 

angle, conservative LDFs are commonly obtained from bridges with skew angles less than 10 

degrees. In addition, given that the number of spans has little effect on lateral load distribution, 

the number of spans was limited to three to simplify the analysis and reduce total computational 

time. The attributes of the selected prestressed-concrete bridges, steel bridges, and slab bridges 

are summarized in Table 3.1, Table 3.2, and Table 3.3, respectively. 

Table 3.1 Attributes of selected prestressed-concrete bridges 

Structure  

Number 

Skew  

(degree) 

Number  

of  

Spans 

Length of  

Maximum  

Span  

(ft) 

Structure  

Length  

(ft) 

Bridge  

Roadway  

Width  

(ft) 

Deck  

Width  

(ft) 

Girder  

Spacing  

(ft) 

Deck  

Depth  

(in.) 

Number  

of  

Girders 

24171 0 3 61 158 40 43 6.2 8.00 7 

604250 6 3 77 171 56 59 6.8 8.00 9 

51111 0 3 96 261 40 43 7.4 8.25 6 

13040 0 3 65 191 30 36 5.0 6.25 7 

608435 7 3 107 213 39 42 7.2 7.87 6 

16611 0 1 177 177 121 131 7.4 8.75 6 

17301 0 3 250 597 134 144 6.9 6.50 7 

41430 0 3 44 125 62 67 4.3 6.00 10 

22451 0 3 65 171 44 47 6.9 7.50 7 

19811 0 3 69 175 40 43 9.3 8.00 5 

47851 0 3 77 200 36 39 6.8 8.00 6 

31190 5 3 48 128 40 46 5.0 6.00 9 

605525 0 3 44 133 40 43 7.4 8.00 6 

41231 0 3 91 222 70 73 7.5 8.00 10 

601925 6 3 101 215 39 43 7.2 7.87 6 

608560 3 3 95 174 39 43 7.2 7.87 6 

45430 0 3 69 200 39 42 4.8 6.06 9 

17571 0 3 210 533 134 144 6.8 8.00 7 

609185 0 3 77 223 39 42 7.2 7.87 6 

13170 5 3 134 378 123 141 4.0 6.00 11 
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Table 3.2 Attributes of selected steel bridges 

Structure  

Number 

Skew  

(degree) 

Number  

of  

Spans 

Length of  

Maximum  

Span  

(ft) 

Structure  

Length  

(ft) 

Bridge  

Roadway  

Width  

(ft) 

Deck  

Width  

(ft) 

Girder  

Spacing  

(ft) 

Deck  

Depth  

(in.) 

Number  

of  

Girders 

364700 0 2 448 838 168 179 10.3 8 6 

19011 0 3 88 223 40 43 7.4 8 6 

22520 0 3 82 215 26 32 8.3 7.75 4 

606320 0 3 192 506 38 46 9.8 8 5 

16220 0 3 47 123 26 32 8.3 7.75 4 

46730 0 2 244 500 79 98 8.3 7.75 4 

46750 0 3 94 243 26 32 8.3 7.75 4 

37570 0 3 105 274 30 36 9.7 7.5 4 

40521 0 2 135 270 41 57 9.3 7.87 7 

25140 0 3 70 183 28 34 8.9 7.06 4 

13330 0 1 50 52 30 34 5.0 6 7 

50995 0 3 150 388 39 43 8.9 7.87 5 

601356 0 3 86 179 71 73 9.7 8.27 8 

29110 0 3 44 125 26 32 8.3 7.75 4 

15750 0 3 94 242 26 32 8.3 7.75 4 

609280 0 2 144 284 60 69 9.0 8 8 

22930 8 3 140 365 40 43 9.6 8 5 

43370 0 1 32 36 30 35 9.9 8.25 4 

50910 0 3 161 357 28 34 8.9 8 4 

43880 0 3 59 153 28 34 8.9 7.25 4 
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Table 3.3 Attributes of selected slab bridges 

Structure  

Number 

Skew  

(degree) 

Number  

of  

Spans 

Length of  

Maximum  

Span  

(ft) 

Structure  

Length  

(ft) 

Bridge  

Roadway  

Width  

(ft) 

Deck  

Width  

(ft) 

Girder  

Spacing  

(ft) 

15280 0 1 30 34 40 43 18.75 

46391 0 3 51 133 40 43 21.5 

36210 0 3 31 83 40 43 15 

53360 0 3 46 122 26 30 20.25 

28670 0 3 30 93 44 47 15.5 

14070 0 3 31 84 30 34 16 

26780 0 3 31 82 30 33 15.375 

36541 0 3 47 123 44 47 19 

605755 0 3 45 118 40 43 18.938 

23710 0 3 47 123 44 47 18.25 

39441 0 1 23 27 40 43 15 

49980 0 3 51 132 30 33 21 

26860 0 1 19 21 24 26 17 

29571 0 3 35 91 44 47 16.25 

14371 0 3 39 104 40 43 17.75 

608740 0 3 43 113 44 47 18.5 

17990 5 3 39 115 39 42 22 

39501 0 1 32 32 40 43 17.5 

44290 0 2 31 63 39 42 16.25 

28760 0 3 29 77 28 32 15 

 

3.2 Finite Element Modeling 

Linear elastic FE models were established for each prestressed-concrete girder, steel girder, and 

slab bridge; examples are shown in Figure 3.1(a) and Figure 3.1(b).  
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(a) Typical FE model of concrete or steel bridge 

 

(b) Typical FE model of slab bridge 

 

(c) Modeling of girder and deck 

Figure 3.1 Details of FE models 

Exterior Girder Interior Girder Deck 

Pier Support Abutment Support 

Centroids 

Deck 

Composite Girder 

Beam Elements of 

Composite Girder 

Shell Elements of 

Deck 

Pier Support Abutment Support Deck 
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The girders were modeled using two-node beam elements, which have three translational and 

three rotational degrees of freedom at each node. The deck was modeled using four-node 

quadrilateral shell elements, which have three translational and three rotational degrees of 

freedom at each node and incorporate bending behavior while ignoring tension membrane 

behavior. The beam elements share common nodes with the deck shell elements at the centroid 

location of each as shown in Figure 3.1(c). 

To take composite action into account, the composite section of the girder plus the transformed 

deck (i.e., the deck section was transformed to that with the same elastic modulus as the girder) 

was utilized to compute the section properties of each beam element. No end restraint at the 

abutment/pier supports was assumed, and, as a result, simple support conditions were utilized. In 

all cases, linear elastic material models were used for the concrete and steel. Additional details of 

the modeling technique can be found in Deng and Phares 2016. 

3.3 LDF Results for Steel and Concrete Bridges 

 Establishment of FE Models and Dual-Lane Loads 3.3.1

Due to the general similarity between the behavior of the steel and concrete girder bridges, the 

same approach was used to determine their LDFs. In this section, we selected a steel bridge 

(Bridge 16220) to demonstrate the process of calculating LDFs based on the FE results. Bridge 

16220 is a four-girder, three-span, slab-on-steel-girder bridge as shown in Figure 3.2.  
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(a) Cross-section 

  

(b) Plan view 

Figure 3.2 Details of Bridge 16220 

The bridge is simply supported at the pier and abutment locations. The bridge has a deck 

thickness of 7.75 in., a girder spacing of 8 ft-3 in., and span lengths of 36 ft-1 in., 46 ft-9.5 in. 

and 36 ft-7 in. The interior and exterior girders are 29 ft-7/8 in. × 108W and 26 ft-7/8 in. × 94W 

rolled sections, respectively. The dimensions of the flanges and webs are summarized in Table 

3.4.  

Table 3.4 Dimensions of flanges, webs, and cover plates 

 

Top Flange (in.) Bottom Flange (in.) Web (in.) Cover Plate (in.) 

 

Width Thickness Width Thickness Width Thickness Width Thickness Length 

Interior Girders 10.5 0.765 0.765 0.765 28.345 0.545 9 0.375 96 

Exterior Girders 10.0 0.750 0.750 0.750 25.4 0.490 9 0.375 90 

 

In the negative moment region (pier locations), the interior and exterior girders have cover plates 

on their top and bottom flanges with dimensions of 9 in. × 3/8 in. × 7 ft-6 in. and 9 in. × 3/8 in. × 

8 ft, respectively, as shown in Figure 3.2(b). The distance from the inside edge of the barrier/curb 

to the centerline of the exterior girder web is 7.5 in. 

36'-1" 46'-91
2" 36'-7"

3'-9'' 3'-9''

4' 4'

Cover plate

9'' × 38'' × 7'-6''

Cover plate

9'' × 38'' × 8'

26-7
8'' × 94#W

29-7
8'' × 108#W

26-7
8'' × 94#W

29-7
8'' × 108#W

Pier Pier Abutment 

Exterior girder 

Interior girder 

Diaphragm 
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Based the details of the bridge, the FE model was established as shown in Figure 3.3.  

 

Figure 3.3 FE model of Bridge 16220 

The moment LDFs were calculated for the bridge cross-sections at mid-span of all spans and at 

all piers, while the shear LDFs were calculated for the bridge cross-sections at the abutments and 

the piers. Based on various geometrical differences, the moment LDFs were further sub-

categorized into four regions: (1) interior girders in the positive moment region, (2) interior 

girders in the negative moment region, (3) exterior girders in the positive moment region, and (4) 

exterior girders in the negative moment region. For the shear LDFs, the results were categorized 

into two regions: (1) interior girders and (2) exterior girders. From the calculated results, the 

largest value was taken as the LDF for each region. 

Different adjacent wheel-line spacings for the dual-lane loads were modeled to investigate their 

effects on the LDF. The loading cases consisted of combinations of the interior wheel-line 

spacing (2 ft, 2.5 ft, 3 ft, 3.5 ft, 4 ft, 4.5 ft, and 5 ft) and the spacing between the exterior wheel 

pairs (4, 5, and 6 ft). An additional case with 3 ft spacing between all four wheel lines was 

investigated. To be conservative, only a single-axle was used to simulate the different loading 

scenarios as shown in Figure 3.4.  

Interior girder-Positive moment

Exterior girder-Positive moment

Interior girder-Negative moment

Exterior girder-Negative moment

Mid-span #1 Mid-span #3Mid-span #2Pier #1 Pier #2
Support #1 Support 

#2
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Figure 3.4 Dual-lane load axle example 

Taking into account all wheel-line spacing combinations, a total of 22 types of single-axle four-

wheel-lines loads were applied to the FE model as summarized in Table 3.5. 

Outer Spacing 

Inner Spacing 

Outer Spacing 
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Table 3.5 Single-axle four-wheel-lines dual-lane loads 

Truck  

Type 

Outer  

Spacing  

(ft) 

Inner  

Spacing  

(ft) 

Truck-4-2 4 2 

Truck-4-2.5 4 2.5 

Truck-4-3 4 3 

Truck-4-3.5 4 3.5 

Truck-4-4 4 4 

Truck-4-4.5 4 4.5 

Truck-4-5 4 5 

Truck-5-2 5 2 

Truck-5-2.5 5 2.5 

Truck-5-3 5 3 

Truck-5-3.5 5 3.5 

Truck-5-4 5 4 

Truck-5-4.5 5 4.5 

Truck-5-5 5 5 

Truck-6-2 6 2 

Truck-6-2.5 6 2.5 

Truck-6-3 6 3 

Truck-6-3.5 6 3.5 

Truck-6-4 6 4 

Truck-6-4.5 6 4.5 

Truck-6-5 6 5 

Truck-3-3 3 3 

 

 Moment and Shear LDFs 3.3.2

3.3.2.1 Moment LDFs 

Various loading cases for each type of dual-lane load with different transverse positions were 

taken into account in the FE model. These transverse positions were selected by placing the 

simulated vehicles in various positions across the bridge width, with the outermost wheel line no 

less than 2 ft away from the inside of the bridge barrier rails. Dual-lane load Truck-4-2 is 

described below as an example of the LDF calculation process (see also Figure 3.5).  
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Figure 3.5 Load case with transverse position 2 feet from bridge barrier rails 

Truck-4-2 travels across the bridge in a transverse position with the outermost wheel line 2 ft 

away from the bridge barrier rail and at an incremental longitudinal travel distance of 5 ft. The 

bridge cross-section mid-span #1 includes beam elements 5, 35, 65, and 95 as shown in Figure 

3.5.  

The moment-travel position relationships of the beam elements (5, 35, 65, and 95) at mid-span 

#1 are shown in Figure 3.6.  

 

Figure 3.6 Moment-travel position relationships of beam elements at mid-span #1 

Mid-span #1 Mid-span #3Mid-span #2Pier #1 Pier #2

Truck-4-2

Peak value 
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When the truck had a travel position of 20 ft, the highest moment value was reached for this load 

case. Note that the LDFs were calculated based on the internal forces of these beam elements at 

the 20-ft travel position using equation (1): 

1

i
i n

i

i

L
LDF

L





 (1) 

where, i = girder number, n = total number of girders, LDFi = load distribution factor of girder i, 

and Li = internal force (moment or shear) in girder i. 

For different truck transverse positions, the relationships between moment LDFs with varying 

transverse positions for mid-span #1 are shown in Figure 3.7.  

 

Figure 3.7 Moment-travel position relationships of beam elements at mid-span #1 

From this, the peak values (shown in Figure 3.7) were taken as the LDFs of the four elements in 

the bridge cross-section at mid-span #1.  

The moment LDFs for the cross-section at mid-span #1 for different types of truck loads are 

summarized in Table 3.6.  

Peak value Peak value 

Peak value 

Peak value 
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Table 3.6 Moment LDFs for elements at section mid-span #1 for different types of truck 

loads 

Truck  

Type 

Outer  

Spacing  

(ft) 

Inner  

Spacing  

(ft) 

Moment LDFs of Different Elements 

5 35 65 95 

Truck-4-2 4 2 0.646 1.084 1.083 0.647 

Truck-4-2.5 4 2.5 0.625 1.056 1.055 0.626 

Truck-4-3 4 3 0.607 1.028 1.027 0.607 

Truck-4-3.5 4 3.5 0.595 1.001 1.001 0.595 

Truck-4-4 4 4 0.583 0.974 0.973 0.583 

Truck-4-4.5 4 4.5 0.571 0.947 0.941 0.571 

Truck-4-5 4 5 0.56 0.914 0.913 0.561 

Truck-5-2 5 2 0.564 1.008 1.007 0.564 

Truck-5-2.5 5 2.5 0.552 0.981 0.981 0.553 

Truck-5-3 5 3 0.542 0.954 0.953 0.542 

Truck-5-3.5 5 3.5 0.532 0.927 0.923 0.532 

Truck-5-4 5 4 0.521 0.897 0.896 0.522 

Truck-5-4.5 5 4.5 0.511 0.87 0.869 0.511 

Truck-5-5 5 5 0.503 0.84 0.84 0.504 

Truck-6-2 6 2 0.504 0.931 0.93 0.505 

Truck-6-2.5 6 2.5 0.494 0.91 0.904 0.494 

Truck-6-3 6 3 0.484 0.886 0.885 0.484 

Truck-6-3.5 6 3.5 0.475 0.86 0.857 0.476 

Truck-6-4 6 4 0.471 0.834 0.833 0.471 

Truck-6-4.5 6 4.5 0.467 0.808 0.807 0.467 

Truck-6-5 6 5 0.463 0.782 0.782 0.463 

Truck-3-3 3 3 0.906 1.105 1.105 0.907 

 

Likewise, moment LDFs were also derived for the bridge cross-sections at mid-spans #2 and #3 

and piers #1 and #2. By categorizing these elements into different regions, moment LDFs were 

further summarized by the four previously mentioned regions: (1) exterior girders in the positive 

moment region shown in Table 3.7, (2) exterior girders in the negative moment region shown in 

Table 3.8, (3) interior girders in the positive moment region shown in Table 3.9, and (4) interior 

girders in the negative moment region shown in Table 3.10.  
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Table 3.7 Moment LDFs of exterior girders in positive moment region elements for 

different types of truck loads 

Truck  

Type 

Outer  

Spacing  

(ft) 

Inner  

Spacing  

(ft) 

Moment LDFs of Different Elements 

5 16 26 95 106 116 Maximum 

Truck-4-2 4 2 0.646 0.66 0.649 0.647 0.659 0.647 0.66 

Truck-4-2.5 4 2.5 0.625 0.639 0.628 0.626 0.639 0.626 0.639 

Truck-4-3 4 3 0.607 0.621 0.609 0.607 0.62 0.608 0.621 

Truck-4-3.5 4 3.5 0.595 0.609 0.597 0.595 0.608 0.596 0.609 

Truck-4-4 4 4 0.583 0.596 0.585 0.583 0.596 0.584 0.596 

Truck-4-4.5 4 4.5 0.571 0.584 0.573 0.571 0.584 0.572 0.584 

Truck-4-5 4 5 0.56 0.574 0.563 0.561 0.573 0.562 0.574 

Truck-5-2 5 2 0.564 0.578 0.566 0.564 0.578 0.565 0.578 

Truck-5-2.5 5 2.5 0.552 0.567 0.555 0.553 0.566 0.554 0.567 

Truck-5-3 5 3 0.542 0.556 0.544 0.542 0.555 0.543 0.556 

Truck-5-3.5 5 3.5 0.532 0.545 0.534 0.532 0.545 0.533 0.545 

Truck-5-4 5 4 0.521 0.534 0.524 0.522 0.534 0.523 0.534 

Truck-5-4.5 5 4.5 0.511 0.523 0.513 0.511 0.523 0.512 0.523 

Truck-5-5 5 5 0.503 0.515 0.506 0.504 0.515 0.505 0.515 

Truck-6-2 6 2 0.504 0.518 0.507 0.505 0.518 0.506 0.518 

Truck-6-2.5 6 2.5 0.494 0.507 0.496 0.494 0.507 0.495 0.507 

Truck-6-3 6 3 0.484 0.496 0.486 0.484 0.496 0.485 0.496 

Truck-6-3.5 6 3.5 0.475 0.488 0.478 0.476 0.487 0.477 0.488 

Truck-6-4 6 4 0.471 0.482 0.473 0.471 0.482 0.472 0.482 

Truck-6-4.5 6 4.5 0.467 0.477 0.469 0.467 0.477 0.468 0.477 

Truck-6-5 6 5 0.463 0.473 0.465 0.463 0.473 0.464 0.473 

Truck-3-3 3 3 0.906 0.908 0.907 0.907 0.907 0.905 0.908 
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Table 3.8 Moment LDFs of exterior girders in negative moment region elements for 

different types of truck loads 

Truck  

Type 

Outer  

Spacing  

(ft) 

Inner  

Spacing  

(ft) 

Moment LDFs of Different Elements 

10 22 100 112 Maximum 

Truck-4-2 4 2 0.667 0.659 0.666 0.658 0.667 

Truck-4-2.5 4 2.5 0.645 0.638 0.644 0.637 0.645 

Truck-4-3 4 3 0.625 0.618 0.624 0.617 0.625 

Truck-4-3.5 4 3.5 0.61 0.604 0.609 0.603 0.61 

Truck-4-4 4 4 0.595 0.589 0.594 0.588 0.595 

Truck-4-4.5 4 4.5 0.581 0.575 0.58 0.575 0.581 

Truck-4-5 4 5 0.569 0.564 0.569 0.563 0.569 

Truck-5-2 5 2 0.58 0.574 0.579 0.573 0.58 

Truck-5-2.5 5 2.5 0.566 0.56 0.565 0.56 0.566 

Truck-5-3 5 3 0.554 0.549 0.553 0.548 0.554 

Truck-5-3.5 5 3.5 0.542 0.537 0.542 0.537 0.542 

Truck-5-4 5 4 0.53 0.526 0.53 0.525 0.53 

Truck-5-4.5 5 4.5 0.518 0.514 0.518 0.514 0.518 

Truck-5-5 5 5 0.51 0.507 0.51 0.506 0.51 

Truck-6-2 6 2 0.516 0.512 0.516 0.511 0.516 

Truck-6-2.5 6 2.5 0.504 0.5 0.504 0.5 0.504 

Truck-6-3 6 3 0.493 0.489 0.492 0.488 0.493 

Truck-6-3.5 6 3.5 0.482 0.478 0.481 0.478 0.482 

Truck-6-4 6 4 0.475 0.472 0.475 0.471 0.475 

Truck-6-4.5 6 4.5 0.47 0.467 0.469 0.466 0.47 

Truck-6-5 6 5 0.464 0.462 0.464 0.461 0.464 

Truck-3-3 3 3 0.929 0.92 0.928 0.919 0.929 
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Table 3.9 Moment LDFs of interior girders in positive moment region elements for 

different types of truck loads 

Truck  

Type 

Outer  

Spacing  

(ft) 

Inner  

Spacing  

(ft) 

Moment LDFs of Different Elements 

35 46 56 65 76 86 Maximum 

Truck-4-2 4 2 1.084 1.05 1.081 1.083 1.049 1.081 1.084 

Truck-4-2.5 4 2.5 1.056 1.024 1.053 1.055 1.023 1.052 1.056 

Truck-4-3 4 3 1.028 0.998 1.025 1.027 0.998 1.025 1.028 

Truck-4-3.5 4 3.5 1.001 0.972 0.997 1.001 0.971 0.997 1.001 

Truck-4-4 4 4 0.974 0.947 0.97 0.973 0.946 0.97 0.974 

Truck-4-4.5 4 4.5 0.947 0.921 0.943 0.941 0.918 0.937 0.947 

Truck-4-5 4 5 0.914 0.893 0.911 0.913 0.892 0.91 0.914 

Truck-5-2 5 2 1.008 0.979 1.005 1.007 0.979 1.004 1.008 

Truck-5-2.5 5 2.5 0.981 0.954 0.978 0.981 0.953 0.977 0.981 

Truck-5-3 5 3 0.954 0.929 0.951 0.953 0.928 0.95 0.954 

Truck-5-3.5 5 3.5 0.927 0.903 0.924 0.923 0.902 0.92 0.927 

Truck-5-4 5 4 0.897 0.877 0.894 0.896 0.876 0.893 0.897 

Truck-5-4.5 5 4.5 0.87 0.852 0.867 0.869 0.851 0.866 0.87 

Truck-5-5 5 5 0.84 0.823 0.837 0.84 0.822 0.836 0.84 

Truck-6-2 6 2 0.931 0.91 0.929 0.93 0.909 0.928 0.931 

Truck-6-2.5 6 2.5 0.91 0.888 0.907 0.904 0.884 0.901 0.91 

Truck-6-3 6 3 0.886 0.866 0.883 0.885 0.865 0.882 0.886 

Truck-6-3.5 6 3.5 0.86 0.842 0.857 0.857 0.84 0.854 0.86 

Truck-6-4 6 4 0.834 0.818 0.831 0.833 0.818 0.83 0.834 

Truck-6-4.5 6 4.5 0.808 0.795 0.805 0.807 0.794 0.804 0.808 

Truck-6-5 6 5 0.782 0.771 0.779 0.782 0.77 0.779 0.782 

Truck-3-3 3 3 1.105 1.068 1.101 1.105 1.07 1.103 1.105 
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Table 3.10 Moment LDFs of interior girders in negative moment region elements for 

different types of truck loads 

Truck  

Type 

Outer  

Spacing  

(ft) 

Inner  

Spacing 

(ft) 

Moment LDFs of Different Elements 

40 52 70 82 Maximum 

Truck-4-2 4 2 1.134 1.143 1.135 1.143 1.143 

Truck-4-2.5 4 2.5 1.106 1.046 1.107 1.046 1.107 

Truck-4-3 4 3 1.077 1.023 1.077 1.022 1.077 

Truck-4-3.5 4 3.5 1.048 1 1.049 0.999 1.049 

Truck-4-4 4 4 1.02 0.976 1.019 0.975 1.02 

Truck-4-4.5 4 4.5 0.991 0.952 0.985 0.946 0.991 

Truck-4-5 4 5 0.921 0.923 0.921 0.922 0.923 

Truck-5-2 5 2 1.052 1.002 1.052 1.001 1.052 

Truck-5-2.5 5 2.5 1.024 0.978 1.024 0.977 1.024 

Truck-5-3 5 3 0.995 0.954 0.995 0.953 0.995 

Truck-5-3.5 5 3.5 0.929 0.93 0.925 0.927 0.93 

Truck-5-4 5 4 0.902 0.904 0.902 0.903 0.904 

Truck-5-4.5 5 4.5 0.879 0.88 0.879 0.879 0.88 

Truck-5-5 5 5 0.851 0.85 0.85 0.85 0.851 

Truck-6-2 6 2 0.928 0.93 0.927 0.929 0.93 

Truck-6-2.5 6 2.5 0.908 0.909 0.904 0.905 0.909 

Truck-6-3 6 3 0.884 0.884 0.883 0.883 0.884 

Truck-6-3.5 6 3.5 0.862 0.862 0.861 0.861 0.862 

Truck-6-4 6 4 0.837 0.837 0.837 0.836 0.837 

Truck-6-4.5 6 4.5 0.811 0.81 0.811 0.81 0.811 

Truck-6-5 6 5 0.785 0.784 0.784 0.783 0.785 

Truck-3-3 3 3 1.16 1.169 1.161 1.17 1.17 

 

Finally, for each type of dual-lane load, the maximum moment LDF in each region was taken as 

the moment LDF in this region. The moment LDFs for bridge 16220 are further summarized in 

Table 3.11.  
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Table 3.11 Moment LDFs of girders in different regions for different types of truck loads 

Truck  

Type 

Outer  

Spacing  

(ft) 

Inner  

Spacing  

(ft) 

Moment LDFs 

Exterior Girder- 

Positive Region 

Exterior Girder- 

Negative Region 

Interior Girder- 

Positive Region 

Interior Girder- 

Negative Region 

Truck-4-2 4 2 0.66 0.667 1.084 1.143 

Truck-4-2.5 4 2.5 0.639 0.645 1.056 1.107 

Truck-4-3 4 3 0.621 0.625 1.028 1.077 

Truck-4-3.5 4 3.5 0.609 0.61 1.001 1.049 

Truck-4-4 4 4 0.596 0.595 0.974 1.02 

Truck-4-4.5 4 4.5 0.584 0.581 0.947 0.991 

Truck-4-5 4 5 0.574 0.569 0.914 0.923 

Truck-5-2 5 2 0.578 0.58 1.008 1.052 

Truck-5-2.5 5 2.5 0.567 0.566 0.981 1.024 

Truck-5-3 5 3 0.556 0.554 0.954 0.995 

Truck-5-3.5 5 3.5 0.545 0.542 0.927 0.93 

Truck-5-4 5 4 0.534 0.53 0.897 0.904 

Truck-5-4.5 5 4.5 0.523 0.518 0.87 0.88 

Truck-5-5 5 5 0.515 0.51 0.84 0.851 

Truck-6-2 6 2 0.518 0.516 0.931 0.93 

Truck-6-2.5 6 2.5 0.507 0.504 0.91 0.909 

Truck-6-3 6 3 0.496 0.493 0.886 0.884 

Truck-6-3.5 6 3.5 0.488 0.482 0.86 0.862 

Truck-6-4 6 4 0.482 0.475 0.834 0.837 

Truck-6-4.5 6 4.5 0.477 0.47 0.808 0.811 

Truck-6-5 6 5 0.473 0.464 0.782 0.785 

Truck-3-3 3 3 0.908 0.929 1.105 1.17 

LRFD Equations 0.61 0.60 0.72 0.71 

LFD Equations 0.75 0.75 0.75 0.75 

 

The moment LDFs for all of the girder bridges were determined following this procedure. 

3.3.2.2 Shear LDFs 

Following the procedure used to determine the moment LDFs, the shear LDFs were determined 

for the interior and exterior girders at supports #1 and #2 and piers #1 and #2. The shear LDFs 

for bridge 16220 were calculated and are shown in Table 3.12.  
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Table 3.12 Shear LDFs of girders in different regions for different types of truck loads 

Truck  

Type 

Outer  

Spacing  

(ft) 

Inner  

Spacing  

(ft) 

Shear LDFs 

Exterior  

Positive 

Interior  

Positive 

Truck-4-2 4 2 0.659 1.318 

Truck-4-2.5 4 2.5 0.637 1.271 

Truck-4-3 4 3 0.618 1.22 

Truck-4-3.5 4 3.5 0.603 1.177 

Truck-4-4 4 4 0.587 1.128 

Truck-4-4.5 4 4.5 0.573 1.082 

Truck-4-5 4 5 0.56 1.027 

Truck-5-2 5 2 0.574 1.185 

Truck-5-2.5 5 2.5 0.56 1.144 

Truck-5-3 5 3 0.548 1.095 

Truck-5-3.5 5 3.5 0.535 1.051 

Truck-5-4 5 4 0.523 1.002 

Truck-5-4.5 5 4.5 0.51 0.962 

Truck-5-5 5 5 0.504 0.926 

Truck-6-2 6 2 0.51 1.055 

Truck-6-2.5 6 2.5 0.497 1.025 

Truck-6-3 6 3 0.485 0.987 

Truck-6-3.5 6 3.5 0.473 0.949 

Truck-6-4 6 4 0.467 0.912 

Truck-6-4.5 6 4.5 0.462 0.873 

Truck-6-5 6 5 0.456 0.838 

Truck-3-3 3 3 0.899 1.361 

LRFD 0.55 0.83 

LFD 0.75 0.75 

 

Likewise, the moment and shear LDFs for the other 19 steel bridges were derived following the 

same procedure. Note that shear LDFs were not calculated for the concrete girder bridges. 

 LDFs Determined Using LRFD and LFD Equations 3.3.3

3.3.3.1 Moment LDFs 

For concrete slab on steel or prestressed-concrete girder bridges, the moment LDFs of dual-lane 

loads for interior beams can be determined with equation (2) (AASHTO LRFD 2010): 

0.10.6 0.2

int 3
0.075

9.5 12.0

g

erior

s

KS S
LDF

L Lt

    
      

       (2) 
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where, S = girder spacing (ft), L = span length (ft), ts = deck thickness (in.), and Kg = longitudinal 

stiffness parameter, which can be expressed by: 

2( )g gK n I Ae 
 (3) 

where, A = area of beam, I = moment of inertia of beam (in.
4
), eg = vertical distance between the 

centroids of the beam and deck (in.), and n = stiffness ratio, which can be expressed by: 

B

D

E
n

E


 (4) 

where, EB = modulus of elasticity of beam material (ksi) and ED= modulus of elasticity of deck 

concrete (ksi). 

And, the moment LDFs of dual-lane loads for exterior beams can be determined with equation 

(5) (AASHTO LRFD 2010): 

ext interior eriorLDF e LDF   (5) 

where, e = correction factor, which can be expressed by: 

0.77
9.1

ed
e     (-1.0 ≤ de ≤ 5.5) (6) 

where, de = horizontal distance from the centerline of exterior web of exterior beam to the inside 

surface of barrier. 

For the AASHTO LFD standard specifications, the moment LDFs of dual-lane loads for all 

beams of slab-on-girder bridges can be determined with equation (7) (AASHTO LFD 1996): 

11

S
LDF 

 (7) 

For Bridge 16220, the moment LDFs determined using the FE model are compared with those 

obtained using AASHTO LRFD and LFD equations (as shown in Table 3.11). And, the moment 

LDFs are further illustrated in Figure 3.8 to demonstrate the relationships between the LDFs and 

the wheel-line spacing.  
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(a) Outer spacing 

 
(b) Inner spacing 

Figure 3.8 Comparisons of moment LDFs with LRFD and LFD results 

Table 3.11 and Figure 3.8 indicate, as expected, that the moment LDF decreases with an increase 

in outer spacing and inner spacing of dual-lane loads; and, in general, the LRFD and LFD 
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equations overestimate the moment LDFs for exterior girders but underestimate the moment 

LDFs for interior girders. 

3.3.3.2 Shear LDFs 

For concrete slab on steel or prestressed-concrete girder bridges, the shear LDFs for dual-lane 

loads for interior beams can be determined with equation (10) (AASHTO LRFD 2010): 

2.0

int 0.2
12 35

erior

S S
LDF

 
   

   (10) 

And, the shear LDFs of dual-lane loads for exterior beams can be determined with equation (8) 

(AASHTO LRFD 2010): 

ext interior eriorLDF e LDF 
 (8) 

where, e = correction factor, which can be expressed by (girder number is more than three): 

0.6
10

ed
e      (-1.0 ≤ de ≤ 5.5)  (9) 

For AASHTO LFD standard specifications, the shear LDFs of dual-lane loads for all beams of 

slab-on-girder bridges can be determined with equation (10) (AASHTO LFD 1996): 

11

S
LDF   (10) 

For Bridge 16220, shear LDFs determined using the FE model were compared with those 

obtained using the AASHTO LRFD and LFD equations (as summarized in Table 3.12). And, the 

shear LDFs are further illustrated in Figure 3.9 to demonstrate the relationships between the 

LDFs and wheel-line spacing.  
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(a) Outer spacing 

 
(b) Inner spacing 

Figure 3.9 Comparisons of shear LDFs with LRFD and LFD results 
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Table 3.12 and Figure 3.9 indicate that the moment LDF decreases along with an increase in 

outer and inner spacing of the dual-lane loads; and, in general, the LRFD and LFD equations 

overestimate the shear LDFs for exterior girders but underestimate the LDFs for interior girders. 

Further comparisons of LDFs obtained using the FE models with those using the AASHTO 

equations for all of the steel and concrete bridges are presented in Section 3.3.4. 

 Comparisons of LDFs Obtained Using FE Models with Those Using AASHTO Equations 3.3.4

The so-called Iowa DOT five-foot requirement mandates that the distance between the interior 

wheel lines of a dual-lane load be no less than 5 ft and, if the distance is less than 5 ft, each axle 

weight of the truck per lane should be less than 20 kips. To study this requirement, Truck-5-5 

and Truck-6-5 were selected for comparison purposes. Since the AASHTO equations were 

developed for geometries similar to Truck-6-4, Truck-6-4 was also selected for further 

comparison. 

3.3.4.1 Ratios of Moment LDFs 

The moment LDFs for the concrete girder bridges determined using the FE models under the 

three previously mentioned dual-lane loads (i.e., Truck-5-5, Truck-6-5, and Truck-6-4) and the 

AASHTO equations are summarized in Table 3.13 and Table 3.14.  
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Table 3.13 Moment LDFs of concrete bridges derived using FE models 

Structure 

Number 

FEA (6-4-6) FEA (6-5-6) FEA (5-5-5) 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

19811 0.65 0.66 0.89 0.89 0.63 0.64 0.84 0.84 0.69 0.70 0.89 0.89 

51111 0.59 0.60 0.67 0.68 0.57 0.57 0.63 0.64 0.63 0.63 0.67 0.69 

608435 0.60 0.62 0.72 0.63 0.58 0.60 0.66 0.61 0.63 0.66 0.72 0.64 

16611 0.60 0.00 0.64 0.00 0.58 0.00 0.61 0.00 0.63 0.00 0.65 0.00 

47851 0.55 0.55 0.63 0.63 0.53 0.53 0.59 0.59 0.59 0.59 0.63 0.63 

605525 0.56 0.54 0.72 0.73 0.55 0.53 0.67 0.68 0.60 0.58 0.72 0.74 

601925 0.59 0.61 0.70 0.65 0.58 0.59 0.66 0.62 0.63 0.64 0.71 0.66 

608560 0.58 0.60 0.75 0.65 0.57 0.58 0.68 0.62 0.62 0.64 0.75 0.66 

609185 0.62 0.58 0.68 0.68 0.60 0.56 0.64 0.64 0.66 0.62 0.68 0.69 

24171 0.51 0.50 0.61 0.61 0.50 0.49 0.56 0.56 0.55 0.54 0.60 0.61 

13040 0.32 0.32 0.50 0.52 0.32 0.31 0.46 0.47 0.34 0.34 0.48 0.51 

17301 0.53 0.54 0.68 0.66 0.52 0.52 0.63 0.62 0.57 0.57 0.68 0.66 

22451 0.52 0.52 0.68 0.68 0.51 0.50 0.63 0.63 0.56 0.56 0.68 0.69 

17571 0.55 0.55 0.68 0.65 0.53 0.53 0.65 0.61 0.59 0.59 0.69 0.66 

604250 0.49 0.50 0.68 0.63 0.48 0.49 0.63 0.59 0.53 0.54 0.68 0.64 

31190 0.29 0.28 0.54 0.54 0.29 0.28 0.49 0.49 0.31 0.31 0.51 0.52 

45430 0.33 0.31 0.48 0.49 0.32 0.31 0.44 0.46 0.35 0.34 0.47 0.49 

41430 0.21 0.19 0.44 0.45 0.21 0.19 0.41 0.41 0.22 0.20 0.44 0.45 

41231 0.57 0.58 0.79 0.67 0.56 0.56 0.72 0.64 0.61 0.62 0.79 0.68 

13170 0.25 0.24 0.43 0.42 0.25 0.24 0.39 0.39 0.27 0.26 0.42 0.42 
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Table 3.14 Moment LDFs of concrete bridges derived using LRFD and LFD equations 

Structure 

Number 

LRFD LFD 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

19811 0.76 0.72 0.81 0.77 0.84 0.84 0.84 0.84 

51111 0.59 0.58 0.63 0.62 0.67 0.67 0.67 0.67 

608435 0.67 0.60 0.71 0.63 0.66 0.66 0.66 0.66 

16611 0.57 0.00 0.61 0.00 0.67 0.00 0.67 0.00 

47851 0.57 0.55 0.60 0.59 0.60 0.60 0.60 0.60 

605525 0.61 0.61 0.65 0.65 0.67 0.67 0.67 0.67 

601925 0.66 0.60 0.69 0.64 0.66 0.66 0.66 0.66 

608560 0.74 0.63 0.78 0.66 0.66 0.66 0.66 0.66 

609185 0.59 0.58 0.62 0.62 0.66 0.66 0.66 0.66 

24171 0.55 0.53 0.59 0.57 0.56 0.56 0.56 0.56 

13040 0.47 0.47 0.51 0.50 0.45 0.45 0.45 0.45 

17301 0.61 0.58 0.66 0.62 0.63 0.63 0.63 0.63 

22451 0.60 0.58 0.65 0.63 0.63 0.63 0.63 0.63 

17571 0.58 0.57 0.62 0.61 0.62 0.62 0.62 0.62 

604250 0.59 0.54 0.67 0.61 0.61 0.61 0.61 0.61 

31190 0.42 0.41 0.54 0.53 0.45 0.45 0.45 0.45 

45430 0.39 0.38 0.49 0.48 0.44 0.44 0.44 0.44 

41430 0.34 0.33 0.48 0.48 0.39 0.39 0.39 0.39 

41231 0.73 0.63 0.81 0.69 0.68 0.68 0.68 0.68 

13170 0.37 0.36 0.48 0.46 0.36 0.36 0.36 0.36 

 

It should be iterated that, for each bridge under each load type, moment LDFs were calculated 

for four regions as shown in Table 3.13 and Table 3.14: (1) exterior girders in the positive 

moment regions (exterior positive), (2) exterior girders in the negative moment regions (exterior 

negative), (3) interior girders in the positive moment regions (interior positive), and (4) interior 

girders in the negative moment regions (interior negative). For comparison purposes, the ratios 

of the moment LDFs of the concrete bridges using LRFD and LFD equations to those 

determined from the FE models were calculated and are summarized in Table 3.15 and Table 

3.16.  

Likewise, the moment LDFs of the steel bridges determined using the FE models and the 

AASHTO LRFD and LFD equations under the three types of dual-lane loads were calculated and 

are summarized in Table 3.17 and Table 3.18.  
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Table 3.15 Ratios of moment LDFs of concrete bridges using LRFD equations to those derived from FE models 

Structure 

Number 

LRFD/FEA (6-4-6) LRFD/FEA (6-5-6) LRFD/FEA (5-5-5) 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

19811 1.17 1.09 0.91 0.87 1.21 1.13 0.97 0.91 1.10 1.03 0.91 0.86 

51111 1.00 0.97 0.95 0.91 1.03 1.01 1.00 0.96 0.94 0.91 0.94 0.90 

608435 1.13 0.97 0.99 1.00 1.16 1.01 1.07 1.05 1.07 0.92 0.99 0.99 

16611 0.96 NA 0.95 NA 0.99 NA 1.00 NA 0.91 NA 0.94 NA 

47851 1.03 1.01 0.95 0.93 1.06 1.04 1.02 1.00 0.96 0.94 0.96 0.93 

605525 1.10 1.13 0.91 0.89 1.12 1.15 0.98 0.96 1.03 1.05 0.91 0.88 

601925 1.11 0.99 0.99 0.98 1.15 1.03 1.06 1.03 1.05 0.94 0.98 0.96 

608560 1.27 1.05 1.04 1.02 1.31 1.09 1.14 1.07 1.19 0.99 1.04 1.00 

609185 0.95 1.01 0.93 0.91 0.98 1.05 0.98 0.96 0.90 0.95 0.91 0.90 

24171 1.08 1.06 0.96 0.94 1.11 1.09 1.06 1.02 1.01 0.99 0.97 0.93 

13040 1.47 1.48 1.01 0.97 1.51 1.51 1.10 1.06 1.38 1.37 1.05 0.99 

17301 1.15 1.08 0.97 0.95 1.18 1.11 1.04 1.01 1.07 1.00 0.97 0.94 

22451 1.15 1.12 0.96 0.92 1.18 1.16 1.03 0.99 1.07 1.04 0.96 0.92 

17571 1.05 1.03 0.90 0.93 1.08 1.07 0.96 0.99 0.98 0.96 0.90 0.92 

604250 1.19 1.07 0.98 0.97 1.23 1.10 1.06 1.03 1.11 1.00 0.98 0.95 

31190 1.43 1.46 1.00 0.98 1.45 1.45 1.12 1.08 1.35 1.33 1.06 1.01 

45430 1.19 1.23 1.02 0.99 1.22 1.25 1.11 1.07 1.11 1.14 1.05 1.00 

41430 1.64 1.75 1.09 1.05 1.63 1.73 1.18 1.15 1.54 1.65 1.10 1.05 

41231 1.28 1.07 1.02 1.04 1.31 1.12 1.13 1.09 1.20 1.01 1.03 1.02 

13170 1.47 1.48 1.11 1.09 1.47 1.46 1.22 1.20 1.38 1.37 1.14 1.11 

 



 

31 

Table 3.16 Ratios of moment LDFs of concrete bridges using LFD equations to those derived from FE models 

Structure 

Number 

LFD/FEA (6-4-6) LFD/FEA (6-5-6) LFD/FEA (5-5-5) 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

19811 1.30 1.28 0.95 0.95 1.35 1.32 1.00 1.00 1.22 1.20 0.94 0.94 

51111 1.14 1.13 1.01 1.00 1.17 1.17 1.07 1.05 1.07 1.06 1.00 0.98 

608435 1.10 1.06 0.92 1.04 1.13 1.10 0.99 1.08 1.04 1.00 0.91 1.02 

16611 1.13 NA 1.05 NA 1.16 NA 1.10 NA 1.07 NA 1.04 NA 

47851 1.09 1.09 0.95 0.95 1.12 1.13 1.02 1.02 1.02 1.02 0.96 0.95 

605525 1.21 1.24 0.93 0.92 1.23 1.27 1.01 0.99 1.13 1.16 0.93 0.91 

601925 1.11 1.08 0.93 1.01 1.14 1.12 1.00 1.06 1.04 1.02 0.92 1.00 

608560 1.13 1.09 0.87 1.01 1.16 1.13 0.96 1.06 1.06 1.02 0.87 0.99 

609185 1.06 1.14 0.97 0.97 1.09 1.18 1.03 1.02 1.00 1.06 0.96 0.95 

24171 1.10 1.12 0.92 0.92 1.13 1.15 1.01 1.01 1.03 1.04 0.93 0.92 

13040 1.41 1.43 0.91 0.88 1.44 1.46 0.98 0.96 1.33 1.33 0.94 0.89 

17301 1.18 1.17 0.92 0.95 1.21 1.21 0.99 1.01 1.10 1.09 0.92 0.94 

22451 1.20 1.21 0.93 0.92 1.24 1.25 0.99 0.99 1.12 1.12 0.93 0.91 

17571 1.13 1.13 0.91 0.96 1.17 1.17 0.96 1.02 1.06 1.06 0.91 0.95 

604250 1.25 1.22 0.91 0.97 1.28 1.26 0.98 1.03 1.16 1.14 0.90 0.95 

31190 1.56 1.63 0.84 0.84 1.57 1.62 0.94 0.93 1.47 1.49 0.89 0.87 

45430 1.35 1.41 0.91 0.90 1.39 1.44 0.99 0.97 1.27 1.31 0.94 0.90 

41430 1.88 2.03 0.87 0.85 1.87 2.00 0.95 0.94 1.76 1.91 0.88 0.85 

41231 1.19 1.17 0.86 1.02 1.22 1.22 0.95 1.07 1.12 1.10 0.87 1.01 

13170 1.46 1.51 0.85 0.86 1.46 1.50 0.93 0.94 1.37 1.40 0.87 0.87 
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Table 3.17 Moment LDFs of steel bridges derived from FE models 

Structure 

Number 

FEA (6-4-6) FEA (6-5-6) FEA (5-5-5) 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

22520 0.51 0.53 0.84 0.79 0.50 0.50 0.80 0.75 0.54 0.55 0.85 0.80 

16220 0.48 0.48 0.83 0.84 0.47 0.46 0.78 0.79 0.52 0.51 0.84 0.85 

46730 0.53 0.54 0.75 0.78 0.51 0.51 0.72 0.73 0.56 0.58 0.76 0.79 

46750 0.54 0.54 0.75 0.77 0.52 0.52 0.71 0.73 0.57 0.58 0.76 0.78 

37570 0.60 0.62 0.84 0.86 0.58 0.59 0.81 0.81 0.64 0.65 0.86 0.87 

25140 0.59 0.53 0.81 0.86 0.57 0.51 0.77 0.82 0.62 0.56 0.82 0.88 

29110 0.48 0.47 0.83 0.84 0.47 0.46 0.78 0.79 0.51 0.51 0.84 0.85 

15750 0.54 0.54 0.75 0.77 0.52 0.52 0.71 0.73 0.57 0.58 0.76 0.78 

43370 0.54 0.00 0.92 0.00 0.52 0.00 0.87 0.00 0.57 0.00 0.93 0.00 

50910 0.55 0.58 0.78 0.77 0.53 0.56 0.75 0.75 0.58 0.61 0.79 0.78 

43880 0.57 0.52 0.89 0.89 0.55 0.50 0.85 0.84 0.60 0.55 0.91 0.91 

606320 0.78 0.81 0.82 0.82 0.76 0.79 0.78 0.76 0.81 0.85 0.82 0.82 

50995 0.79 0.77 0.72 0.69 0.77 0.74 0.69 0.66 0.83 0.80 0.72 0.70 

22930 0.68 0.72 0.74 0.76 0.66 0.69 0.72 0.71 0.71 0.75 0.75 0.77 

364700 0.78 0.82 0.76 0.76 0.76 0.79 0.74 0.74 0.82 0.85 0.77 0.76 

19011 0.61 0.63 0.62 0.62 0.59 0.61 0.59 0.60 0.64 0.67 0.63 0.63 

40521 0.71 0.75 0.71 0.71 0.69 0.72 0.69 0.69 0.75 0.78 0.72 0.72 

13330 0.33 0.00 0.48 0.00 0.32 0.00 0.45 0.00 0.35 0.00 0.47 0.00 

601356 0.74 0.76 0.85 0.75 0.72 0.74 0.81 0.73 0.78 0.80 0.85 0.75 

609280 0.69 0.73 0.68 0.66 0.67 0.70 0.65 0.65 0.72 0.76 0.69 0.67 
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Table 3.18 Moment LDFs of steel bridges derived from LRFD and LFD equations 

Structure 

Number 

LRFD LFD 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

22520 0.59 0.60 0.67 0.67 0.75 0.75 0.75 0.75 

16220 0.61 0.60 0.72 0.71 0.75 0.75 0.75 0.75 

46730 0.56 0.62 0.63 0.71 0.75 0.75 0.75 0.75 

46750 0.54 0.56 0.65 0.66 0.75 0.75 0.75 0.75 

37570 0.65 0.66 0.74 0.75 0.88 0.88 0.88 0.88 

25140 0.63 0.65 0.72 0.73 0.81 0.81 0.81 0.81 

29110 0.64 0.63 0.72 0.71 0.75 0.75 0.75 0.75 

15750 0.57 0.61 0.65 0.69 0.75 0.75 0.75 0.75 

43370 0.72 0.00 0.82 0.00 0.88 0.00 0.88 0.00 

50910 0.56 0.59 0.63 0.67 0.81 0.81 0.81 0.81 

43880 0.65 0.70 0.73 0.79 0.81 0.81 0.81 0.81 

606320 0.71 0.73 0.69 0.71 0.89 0.89 0.89 0.89 

50995 0.65 0.65 0.64 0.64 0.81 0.81 0.81 0.81 

22930 0.60 0.61 0.71 0.72 0.88 0.88 0.88 0.88 

364700 0.73 0.75 0.74 0.76 0.93 0.93 0.93 0.93 

19011 0.54 0.52 0.58 0.56 0.67 0.67 0.67 0.67 

40521 0.63 0.66 0.66 0.69 0.84 0.84 0.84 0.84 

13330 0.37 0.00 0.48 0.00 0.45 0.00 0.45 0.00 

601356 0.78 0.71 0.80 0.72 0.88 0.88 0.88 0.88 

609280 0.59 0.62 0.63 0.67 0.82 0.82 0.82 0.82 

 

And, the ratios of the moment LDFs of the steel bridges using the LRFD and LFD equations to 

those determined from the FE Models were calculated and are summarized in Table 3.19 and 

Table 3.20.  
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Table 3.19 Ratios of moment LDFs of steel bridges using LRFD equations to those derived from FE models 

Structure 

Number 

LRFD/FEA (6-4-6) LRFD/FEA (6-5-6) LRFD/FEA (5-5-5) 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

22520 1.17 1.13 0.80 0.85 1.20 1.20 0.84 0.89 1.10 1.08 0.79 0.84 

16220 1.26 1.26 0.87 0.85 1.28 1.29 0.93 0.91 1.18 1.17 0.86 0.84 

46730 1.06 1.15 0.85 0.91 1.10 1.22 0.89 0.96 1.00 1.08 0.84 0.89 

46750 1.01 1.03 0.87 0.87 1.04 1.07 0.91 0.91 0.95 0.97 0.85 0.85 

37570 1.08 1.07 0.87 0.87 1.12 1.12 0.91 0.93 1.02 1.02 0.86 0.86 

25140 1.08 1.23 0.89 0.85 1.12 1.27 0.93 0.89 1.02 1.15 0.87 0.83 

29110 1.32 1.33 0.87 0.85 1.35 1.36 0.92 0.91 1.24 1.24 0.86 0.83 

15750 1.06 1.13 0.87 0.90 1.10 1.18 0.91 0.94 1.00 1.06 0.86 0.89 

43370 1.35 NA 0.89 NA 1.40 NA 0.94 NA 1.27 NA 0.88 NA 

50910 1.01 1.01 0.81 0.87 1.05 1.06 0.84 0.89 0.97 0.97 0.79 0.86 

43880 1.14 1.35 0.82 0.90 1.17 1.40 0.86 0.94 1.07 1.27 0.80 0.87 

606320 0.92 0.90 0.85 0.87 0.94 0.93 0.89 0.93 0.88 0.86 0.84 0.87 

50995 0.82 0.85 0.89 0.93 0.85 0.88 0.93 0.97 0.79 0.82 0.88 0.93 

22930 0.89 0.85 0.95 0.94 0.92 0.88 0.98 1.00 0.85 0.81 0.94 0.93 

364700 0.94 0.92 0.97 1.00 0.96 0.95 1.00 1.02 0.90 0.88 0.97 1.00 

19011 0.89 0.82 0.93 0.90 0.91 0.85 0.97 0.93 0.85 0.78 0.92 0.89 

40521 0.88 0.88 0.93 0.97 0.91 0.91 0.96 1.00 0.84 0.84 0.92 0.96 

13330 1.12 NA 0.99 NA 1.16 NA 1.07 NA 1.06 NA 1.01 NA 

601356 1.05 0.93 0.94 0.97 1.08 0.96 0.99 1.00 1.00 0.89 0.94 0.97 

609280 0.85 0.86 0.93 1.01 0.88 0.89 0.96 1.03 0.82 0.82 0.91 1.00 
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Table 3.20 Ratios of moment LDFs of steel bridges using LFD equations to those derived from FE models 

Structure 

Number 

LFD/FEA (6-4-6) LFD/FEA (6-5-6) LFD/FEA (5-5-5) 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

22520 1.47 1.42 0.90 0.95 1.52 1.51 0.94 1.00 1.38 1.36 0.88 0.93 

16220 1.56 1.58 0.90 0.90 1.59 1.62 0.96 0.96 1.46 1.47 0.89 0.88 

46730 1.42 1.38 1.00 0.97 1.46 1.46 1.05 1.02 1.34 1.30 0.99 0.95 

46750 1.39 1.38 1.00 0.98 1.44 1.45 1.05 1.02 1.31 1.30 0.99 0.96 

37570 1.46 1.42 1.04 1.02 1.51 1.48 1.09 1.09 1.38 1.35 1.03 1.01 

25140 1.39 1.54 1.00 0.94 1.44 1.60 1.06 0.99 1.31 1.45 0.99 0.92 

29110 1.56 1.58 0.90 0.89 1.59 1.62 0.96 0.95 1.46 1.47 0.90 0.88 

15750 1.39 1.38 1.00 0.98 1.44 1.45 1.05 1.02 1.31 1.30 0.99 0.96 

43370 1.65 NA 0.96 NA 1.70 NA 1.01 NA 1.55 NA 0.94 NA 

50910 1.48 1.39 1.04 1.06 1.53 1.46 1.08 1.08 1.41 1.32 1.02 1.04 

43880 1.43 1.56 0.91 0.92 1.47 1.62 0.96 0.97 1.35 1.46 0.89 0.90 

606320 1.15 1.10 1.09 1.09 1.18 1.14 1.14 1.17 1.10 1.06 1.09 1.09 

50995 1.02 1.05 1.12 1.16 1.05 1.09 1.17 1.21 0.98 1.01 1.11 1.16 

22930 1.29 1.22 1.18 1.15 1.33 1.26 1.22 1.23 1.24 1.17 1.16 1.14 

364700 1.19 1.14 1.22 1.23 1.23 1.19 1.26 1.26 1.14 1.09 1.22 1.23 

19011 1.10 1.06 1.08 1.09 1.13 1.10 1.13 1.13 1.05 1.01 1.07 1.07 

40521 1.18 1.13 1.18 1.18 1.22 1.17 1.22 1.21 1.13 1.08 1.17 1.17 

13330 1.39 NA 0.95 NA 1.43 NA 1.02 NA 1.31 NA 0.96 NA 

601356 1.19 1.15 1.03 1.17 1.22 1.19 1.09 1.21 1.12 1.09 1.03 1.17 

609280 1.19 1.12 1.21 1.23 1.23 1.17 1.25 1.26 1.14 1.08 1.19 1.22 
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Table 3.15, Table 3.16, Table 3.19, and Table 3.20 indicate that the LDFs in the negative 

moment regions are almost the same as those in the positive moment regions for both exterior 

and interior girders.  

Accordingly, only the LDFs in the positive moment regions were selected for further analysis. 

Five bridge parameters utilized in the AASHTO LRFD equations for calculating LDFs are 

number of girders, span length, girder spacing, longitudinal stiffness parameter (kg), and deck 

thickness (or depth). The relationships between the ratios of the moment LDFs and the five 

parameters for the interior girder positive moment regions and the exterior girder positive 

moment regions of the concrete bridges are illustrated in Figure 3.10 and Figure 3.11, 

respectively.  

 
(a) Number of girders 

 
(b) Span length 
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(c) Girder spacing  

 
(d) Longitudinal stiffness parameter (kg) 

 
(e) Deck thickness 

Figure 3.10 Relationships between the ratios of moment LDFs with LRFD and LFD results 

for concrete bridges – interior girder positive moment regions 
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(a) Number of girders 

 
(b) Span length 

 
(c) Girder spacing  
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(d) Longitudinal stiffness parameter (kg) 

 
(e) Deck thickness 

Figure 3.11 Relationships between the ratios of moment LDFs and bridge parameters for 

concrete bridges – exterior girder positive moment regions 

The relationships between the ratios of the moment LDFs and the five parameters for the interior 

girder positive moment regions and the exterior girder positive moment regions of the steel 

bridges are illustrated in Figure 3.12 and Figure 3.13, respectively.  
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(a) Number of girders 

 
(b) Span length 

 
(c) Girder spacing  
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(d) Longitudinal stiffness parameter (kg) 

 
(e) Deck thickness 

Figure 3.12 Relationships between the ratios of moment LDFs and bridge parameters for 

steel bridges – interior girder positive moment regions 
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(a) Number of girders 

 
(b) Span length 

 
(c) Girder spacing  
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(d) Longitudinal stiffness parameter (kg) 

 
(e) Deck thickness 

Figure 3.13 Relationships between the ratios of moment LDFs and bridge parameters for 

steel bridges – exterior girder positive moment regions 

For the concrete girder bridges, Figure 3.10 indicates that the LRFD equations provide good 

estimations of the moment LDFs for the interior girders and the ratios of the moment LDFs range 

from 0.9 to 1.1; also, the LFD equations underestimate the moment LDFs of the interior girders 

with the ratios of the moment LDFs mostly less than 1.0. Figure 3.11 indicates that the LRFD 

equations overestimate the moment LDFs for the exterior girders and the ratios of the moment 

LDFs range from 0.9 to 1.7; also, the LFD equations overestimate the moment LDFs of the 

exterior girders and the ratios of the moment LDFs are mostly larger than 1.0. 

For the steel girder bridges, Figure 3.12 indicates that the LRFD equations underestimate the 

moment LDFs of the interior girders and the ratios of the moment LDFs range from 0.8 to 1.0; 

also, the LFD equations overestimate the moment LDFs of interior girders with the ratios of the 

moment LDFs mostly larger than 1.0. Figure 3.13 indicates that the LRFD equations sometimes 

underestimate the moment LDFs for the exterior girders with the ratios of the moment LDFs 

ranging from 0.8 to 1.4; and, the LFD equations overestimate the moment LDFs of the exterior 

girders and the ratios of the moment LDFs are mostly larger than 1.0.  
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Figure 3.10 through Figure 3.13 indicate that the LRFD equations give more consistent 

predictions compared to the LFD equations. From Figure 3.10 through Figure 3.13, good 

relationships between the important bridge parameters and the ratios of the moment LDFs were 

not always found, but still some general trends were observed. For instance, the LRFD equations 

are less conservative for the interior girders when the number of girders is less than or equal to 5 

(see Figure 3.12); the LRFD equations are less conservative for the exterior girders when the 

number of girders is more than 4 and the span length is loger than 100 ft (see Figure 3.13). 

Figure 3.10 through Figure 3.13 also demonstrate that the results associated with Truck-5-5 and 

Truck-6-5 compare well with those associated with Truck-6-4 and those predicted using the FE 

models; and, the results associated with Truck-6-5 are the lower bound of the moment LDFs 

among all types of dual-lane loads. Consequently, the Iowa DOT current practice of moment 

LDFs associated with Truck-5-5 and Truck-6-5 appears reasonable and adequate. 

3.3.4.2 Ratios of Shear LDFs 

Following the same procedure of determining ratios of moment LDFs, the relationships between 

the ratios of shear LDFs with the three parameters used in the AASHTO equations for interior 

girders and exterior girders of steel girder bridges are illustrated in Figure 3.14 and Figure 3.15, 

respectively.  



 

45 

 
(a) Number of girders 

 
(b) Girder spacing  

 
(c) De  

Figure 3.14 Relationships between the ratios of shear LDFs and bridge parameters for steel 

bridges – interior girders 
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(a) Number of girders 

 
(b) Girder spacing  

 
(c) De  

Figure 3.15 Relationships between the ratios of shear LDFs and bridge parameters for steel 

bridges – exterior girders 

For the steel girder bridges, Figure 3.14 indicates that the LRFD equations underestimate the 

shear LDFs for the interior girders and that the ratios of the shear LDFs range from 0.85 to 1.1; 

and the LFD equations underestimate shear LDFs for the interior girders with the ratios of the 

moment LDFs ranging from 0.75 to 0.95. Figure 3.15 indicates that the LRFD equations 
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overestimate the shear LDFs of the exterior girders and the ratios of the shear LDFs range from 

0.9 to 1.3; also, the LFD equations overestimate the moment LDFs for the exterior girders and 

the ratios of the shear LDFs mostly larger than 1.0.  

Figure 3.14 and Figure 3.15 also indicate that the LRFD equations give more consistent 

predictions than the LFD equations. Some general trends relating the shear LDFs with the bridge 

parameters were found and can be observed in Figure 3.14 and Figure 3.15. For instance, the 

LRFD equations are less conservative for interior girders when the number of girders is less than 

5 and when larger girder spacing is present (see Figure 3.14); the LRFD equations are less 

conservative for exterior girders when the number of girders is less than 5 (see Figure 3.15). 

Figure 3.14 and Figure 3.15 also demonstrate that the results associated with Truck-5-5 and 

Truck-6-5 compare well with those associated with Truck-6-4 and those predicted using the FE 

models; additionally, the results associated with Truck-6-5 are the lower bound of the shear 

LDFs among all types of dual-lane loads. Consequently, the Iowa DOT current practice on shear 

LDFs associated with Truck-5-5 and Truck-6-5 is reasonable and adequate. 

3.4 Results of Equivalent Width Factor for Slab Bridges 

3.4.1 Demonstration of Equivalent Width Derivation Based on FE Models 

In this section, slab Bridge 608740 is used to demonstrate the process of calculating the 

equivalent deck width from FE results. Bridge 608740 is a three-span slab bridge with its cross-

section as shown in Figure 3.16.  

 

Figure 3.16 Cross-section of Bridge 608740 

The bridge is simply supported at the pier and abutment locations. The bridge has a deck 

thickness of 1 ft-6.5 in., a deck width of 47 ft-2 in., a roadway width of 44 ft, and span lengths of 

33 ft-6 in., 43 ft, and 33 ft-6 in. The distance from the inside edge of the barrier rail to the deck 

edge is 1 ft-7 in.  

Based on the details and dimensions of the bridge, the FE model was established as shown in 

Figure 3.17.  
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Figure 3.17 FE model of Bridge 608740 

For consistency with other processes, the deck equivalent widths were determined for the bridge 

cross-sections at mid-spans #1, #2, and #3 and piers #1 and #2. Also, the equivalent widths were 

further categorized as: (1) the positive moment region (mid-spans #1, #2, and #3) and (2) the 

negative moment region (piers #1 and #2). From the calculated results, the largest value was 

taken as the equivalent width for each region.  

Similar to the concrete and steel girder bridges, the same dual-lane loads were utilized to 

investigate their effects on equivalent width. That is, a total of 22 types of single-axle four-

wheel-line loads were applied to the established bridge model as summarized earlier in Table 3.5 

and as shown in Figure 3.18.  

 

Figure 3.18 FE model of Bridge 16220 
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For each truck type, various loading cases with different transverse positions were taken into 

account for the dual-lane truck traveling across the bridge. These transverse positions extended 

from one side of the bridge to the other side with the outermost wheel lines located no less than 2 

ft away from the bridge barrier rails.  

Take, for example, the dual-lane load Truck-4-2, which will be used to illustrate the equivalent 

width calculation process. Truck-4-2 travels across the bridge in a transverse position with an 

outermost wheel line 2 ft away from the bridge barrier rail and at an incremental longitudinal 

travel position of every 5 ft from one end of the bridge to the other end. The bridge cross-

sections at mid-spans #1, #2, and #3 and piers #1 and #2 (designated as sections A, B, C, D, and 

E, respectively) have “simulated strain gauges” transversely spaced at 2 ft to determine the 

response at the bottom of the deck at these location. The gauges are numbered from one edge to 

the other edge of the deck, from 1 through 25.  

Section A will be used as an example to determine the deck equivalent width. The strain profiles 

determined for the 25 simulated gauges at Section A for different travel positions are shown in 

Figure 3.19(a).  

 
(a) Different longitudinal travel positions 
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(b) Gauge A25 

Figure 3.19 Strain in gauges of Section A for different travel positions 

Figure 3.19(a) indicates that the maximum strain was reached when the truck had a longitudinal 

position of 15 ft and the maximum strain occurred at location A25. The strain-travel position 

relationship of gauge A25 is illustrated in Figure 3.19(b). Accordingly, the strain profile at the 

travel position of 15 ft was utilized to determine the equivalent width shown in Figure 3.20.  

 

Figure 3.20 Calculation of equivalent width based on strain profile in Section A  
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The area below the strain curve is defined as Area1 and the area consisting of the maximum 

strain ( max) multiplied by the equivalent width (E) is defined as Area2, as illustrated in Figure 

3.20.  

Determining the equivalent width is as simple as determining the equivalent width required to 

ensure that Area1 is equal to Area2. Once the equivalent width was calculated for Section A, the 

equivalent widths for other four sections were also determined using the same approach with the 

results as summarized in Table 3.21.  

Table 3.21 Equivalent widths of different sections 

 Section A Section B Section C Section D Section E 

Equivalent width 10.94 10.53 11.19 8.65 10.86 

 

Likewise, the equivalent widths were determined for different transverse positions of Truck-4-2, 

and the smallest of the equivalent widths corresponding to each transverse position was taken as 

the final equivalent width for each section. Following the same procedure, the equivalent widths 

at different sections due to different types of dual-lane loads were derived and are summarized in 

Table 3.22.  
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Table 3.22 Equivalent widths at different sections due to different dual-lane loads 

Truck Type 

Outer  

Spacing  

(ft) 

Inner  

Spacing  

(ft) 

Equivalent Width (ft) 

Section A Section B Section C Section D Section E 

Truck-4-2 4 2 10.94 10.53 11.19 8.65 10.86 

Truck-4-2.5 4 2.5 11.11 10.7 11.34 8.84 11.03 

Truck-4-3 4 3 11.26 10.85 11.48 9 11.17 

Truck-4-3.5 4 3.5 11.4 11.01 11.61 9.17 11.31 

Truck-4-4 4 4 11.55 11.17 11.74 9.33 11.46 

Truck-4-4.5 4 4.5 11.71 11.34 11.88 9.51 11.61 

Truck-4-5 4 5 11.87 11.51 12.02 9.69 11.76 

Truck-5-2 5 2 11.66 11.19 11.93 9.45 11.6 

Truck-5-2.5 5 2.5 11.82 11.36 12.07 9.63 11.75 

Truck-5-3 5 3 11.98 11.53 12.22 9.81 11.91 

Truck-5-3.5 5 3.5 12.15 11.71 12.37 10.01 12.07 

Truck-5-4 5 4 12.32 11.89 12.52 10.21 12.23 

Truck-5-4.5 5 4.5 12.5 12.08 12.68 10.42 12.4 

Truck-5-5 5 5 12.68 12.27 12.84 10.64 12.58 

Truck-6-2 6 2 12.43 11.91 12.7 10.33 12.37 

Truck-6-2.5 6 2.5 12.61 12.1 12.86 10.55 12.54 

Truck-6-3 6 3 12.79 12.29 13.03 10.77 12.72 

Truck-6-3.5 6 3.5 12.97 12.48 13.19 10.99 12.9 

Truck-6-4 6 4 13.14 12.66 13.35 11.19 13.06 

Truck-6-4.5 6 4.5 13.32 12.84 13.51 11.4 13.24 

Truck-6-5 6 5 13.46 13.01 13.64 11.55 13.37 

Truck-3-3 3 3 7.79 4.99 7.11 5.06 7.35 

 

Also, as previously discussed, the equivalent widths at different sections in the negative and 

positive regions due to different configurations of dual-lane loads were determined and are 

summarized in Table 3.23. 
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Table 3.23 Equivalent widths at different regions due to different dual-lane loads 

Truck Type 

Outer  

Spacing  

(ft) 

Inner  

Spacing  

(ft) 

Equivalent Width (ft) 

Positive  

Moment  

Region 

Negative  

Moment  

Region 

Truck-4-2 4 2 10.9 8.7 

Truck-4-2.5 4 2.5 11.0 8.8 

Truck-4-3 4 3 11.2 9.0 

Truck-4-3.5 4 3.5 11.3 9.2 

Truck-4-4 4 4 11.5 9.3 

Truck-4-4.5 4 4.5 11.6 9.5 

Truck-4-5 4 5 11.8 9.7 

Truck-5-2 5 2 11.6 9.5 

Truck-5-2.5 5 2.5 11.8 9.6 

Truck-5-3 5 3 11.9 9.8 

Truck-5-3.5 5 3.5 12.1 10.0 

Truck-5-4 5 4 12.2 10.2 

Truck-5-4.5 5 4.5 12.4 10.4 

Truck-5-5 5 5 12.6 10.6 

Truck-6-2 6 2 12.4 10.3 

Truck-6-2.5 6 2.5 12.5 10.6 

Truck-6-3 6 3 12.7 10.8 

Truck-6-3.5 6 3.5 12.9 11.0 

Truck-6-4 6 4 13.1 11.2 

Truck-6-4.5 6 4.5 13.2 11.4 

Truck-6-5 6 5 13.4 11.6 

Truck-3-3 3 3 7.1 5.0 

LRFD 11.8 11.8 

 

3.4.2 Equivalent Widths Derived Using LRFD Equations 

For slab-type bridges, equivalent widths (also named equivalent strip widths) of longitudinal 

strips per lane due to dual-lane loads can be calculated with (AASHTO LRFD 2010): 

1 1

12
84 1.44

L

W
E LW

N
  

 (10) 

where, E = equivalent width (in.), L1 = modified span length taken equal to the lesser of the 

actual span or 60 (ft, W1 = modified edge-to-edge width of the actual width or 60 for multilane 

loading (ft), and W = physical edge-to-edge width of bridge (ft). 
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For Bridge 608470, equivalent widths determined using the FE model were compared with those 

obtained using the AASHTO LRFD equations (as shown in Table 3.23). The equivalent widths 

are further illustrated in Figure 3.21 to demonstrate the relationships between the LDFs and 

wheel-line spacing. 

 
(a) Outer spacing 

 
(b) Inner spacing 

Figure 3.21 Comparisons of equivalent widths from FE model with LRFD results 
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Table 3.23 and Figure 3.21 indicate the equivalent width increases with an increase in the outer 

and inner spacing of a dual-lane load; also, the LRFD equations overestimate the equivalent 

width for the positive moment region but underestimate the equivalent width for the negative 

moment region. 

3.4.3 Comparisons of Effective Widths Obtained Using FE Models with Those Using AASHTO 

Equations 

Similar to the LDF evaluation, the Iowa DOT five-foot requirement and AASHTO equations 

were also evaluated for the equivalent width evaluation. And, Truck-5-5, Truck-6-4, and Truck-

6-5 were selected for comparison purposes. The equivalent widths of the slab bridges derived 

using the FE models under the three types of dual-lane loads (i.e., Truck-5-5, Truck-6-5, and 

Truck-6-4) and the AASHTO LRFD equations are summarized in Table 3.24.  

Table 3.24 Equivalent widths of slab bridges derived using FE models and AASHTO 

LRFD equations 

Structure 

Number 

FEA (6-4-6) FEA (6-5-6) FEA (5-5-5) LFRD 

Positive 

Moment 

Negative 

Moment 

Positive 

Moment 

Negative 

Moment 

Positive 

Moment 

Negative 

Moment 

Positive 

Moment 

Negative 

Moment 

15280 13.3 NA 13.5 NA 12.9 NA 11.3 11.3 

46391 13.6 11.2 13.9 11.6 13.3 10.8 12.0 12.0 

36210 12.2 11.8 12.6 12.2 11.8 11.3 10.9 10.9 

53360 12.0 10.3 12.2 10.7 11.7 9.8 11.0 11.0 

28670 12.8 11.5 13.2 11.9 12.4 10.9 11.5 11.5 

14070 13.7 12.8 14.1 13.4 13.2 12.3 10.4 10.4 

26780 12.1 11.2 12.4 11.6 11.6 10.7 10.4 10.4 

36541 13.2 11.1 13.5 11.4 12.8 10.6 12.0 12.0 

605755 12.9 11.0 13.2 11.3 12.5 10.5 11.7 11.7 

23710 13.3 11.2 13.6 11.5 12.9 10.7 12.0 12.0 

39441 12.2 0.0 12.5 NA 11.8 NA 10.9 10.9 

49980 12.9 11.0 13.1 11.4 12.5 10.5 11.3 11.3 

26860 11.5 0.0 11.7 NA 11.1 NA 9.7 9.7 

29571 12.7 11.4 13.0 11.8 12.2 10.7 11.3 11.3 

14371 13.0 10.9 13.2 11.2 12.6 10.4 11.4 11.4 

608740 13.1 11.2 13.4 11.6 12.6 10.6 11.8 11.8 

17990 12.4 10.3 12.7 10.6 12.0 9.9 11.8 11.8 

39501 13.1 0.0 13.4 NA 12.8 NA 11.3 11.3 

44290 12.2 10.4 12.4 10.7 11.8 9.9 11.3 11.3 

28760 12.3 10.9 12.6 12.2 11.8 11.1 10.2 10.2 

 

Note that for each bridge under each type of dual-lane load, equivalent widths were calculated 

for the positive and negative moment regions as shown in Table 3.24.  
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For comparison purposes, the ratios of equivalent widths for the slab bridges determined from 

the FE models to those determined using the LRFD equations were calculated and are 

summarized in Table 3.25.  

Table 3.25 Ratios of equivalent widths of slab bridges using LRFD equations to those 

derived from FE models 

Structure 

Number 

FEA/LRFD (6-4-6) FEA/LRFD (6-5-6) FEA/LRFD (5-5-5) 

Positive 

Moment 

Negative 

Moment 

Positive 

Moment 

Negative 

Moment 

Positive 

Moment 

Negative 

Moment 

15280 1.17 NA 1.20 NA 1.14 NA 

46391 1.14 0.94 1.16 0.97 1.11 0.90 

36210 1.12 1.08 1.15 1.12 1.08 1.04 

53360 1.09 0.94 1.11 0.97 1.06 0.89 

28670 1.11 1.00 1.15 1.03 1.07 0.95 

14070 1.31 1.23 1.35 1.28 1.26 1.17 

26780 1.16 1.08 1.19 1.11 1.12 1.03 

36541 1.10 0.93 1.13 0.96 1.07 0.88 

605755 1.10 0.94 1.13 0.97 1.07 0.90 

23710 1.11 0.93 1.14 0.96 1.07 0.89 

39441 1.11 0.00 1.14 NA 1.08 NA 

49980 1.14 0.98 1.16 1.01 1.11 0.93 

26860 1.18 0.00 1.21 NA 1.13 NA 

29571 1.12 1.01 1.15 1.04 1.07 0.95 

14371 1.14 0.96 1.16 0.98 1.11 0.91 

608740 1.11 0.95 1.14 0.98 1.07 0.90 

17990 1.05 0.87 1.08 0.90 1.02 0.84 

39501 1.16 0.00 1.18 NA 1.13 NA 

44290 1.07 0.91 1.10 0.94 1.04 0.87 

28760 1.20 1.07 1.23 1.19 1.15 1.08 

 

Two bridge parameters related to the AASHTO LRFD equations for calculating LDFs are 

modified span length and modified deck width. The relationships between the ratios of 

equivalent widths and the two parameters for the positive moment regions and negative moment 

regions of the slab bridges are illustrated in Figure 3.22 and Figure 3.23, respectively.  
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(a) Modified span length 

 
(b) Modified deck width 

Figure 3.22 Relationships between the ratios of equivalent widths and bridge parameters 

for slab bridges – positive moment regions 
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(a) Modified span length 

 
(b) Modified deck width 

Figure 3.23 Relationships between the ratios of equivalent widths and bridge parameters 

for slab bridges – negative moment regions 
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Figure 3.22 indicates that the LRFD equations slightly overestimate the equivalent width in the 

positive moment region and that the ratios of the equivalent widths range from 1.0 to 1.35. 

Figure 3.23 indicates that the LRFD equations slightly underestimate the equivalent width in the 

negative moment region and that the ratios of the equivalent widths range from 0.8 to 1.0. 

No significant relationships between the important bridge parameters and the ratios of equivalent 

widths were found. As shown in both Figure 3.22 and Figure 3.23, the equivalent widths 

predicted using the LRFD equations are less conservative when the modified span length is 

longer than 30 ft. 

However, in general, the results associated with Truck-5-5 and Truck-6-5 compare well with 

those associated with Truck-6-4 and those predicted using the FE models; and, the results 

associated with Truck-6-5 are the lower bound of the equivalent widths among all of the types of 

dual-lane loads.  

3.5 Axle Weight Limits for Different Dual-Lane Loads 

As concluded from previous sections, the Iowa DOT current practice of the moment and shear 

LDFs and the equivalent widths associated with Truck-5-5 and Truck-6-5 appear adequate, based 

on the comparisons against the results associated with Truck-6-4 using the AASHTO equations. 

The so-called five-foot requirement specifies that dual-lane trucks with greater than five-foot 

interior-wheel-line spacing are allowed to have an axle weight up to 20 kips per lane. For 

practical needs, it is also desirable to know the allowable axle weights for other truck types to 

complement the current Iowa DOT policy.  

The moment and shear LDFs and the equivalent widths for different truck types were calculated 

for the bridges investigated. From design and rating perspectives, a higher moment LDF, a 

higher shear LDF, or a lower equivalent width due to a dual-lane load should result in a lower 

allowable axle weight for the dual-lane load. As mentioned previously, the results associated 

with Truck-6-5 were, based on the FE results, the lower bound of the moment and shear LDFs 

and the equivalent widths. Accordingly, Truck-6-5 was selected as the baseline and assumed to 

have an axle weight of 20 kips per lane. To determine the axle weight limits for other truck 

types, the ratios of moment and shear LDFs of Truck-6-5 to those of other truck types and the 

ratios of equivalent lengths of other truck types to those of Truck-6-5 were calculated. For 

instance, for the 20 steel girder bridges, the ratios associated with Truck-6-4 and Truck-5-5 were 

calculated and are shown in Table 3.26.  
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Table 3.26 Ratios of moment LDFs associated to Truck-6-5 to those associated with Truck-

6-4 and Truck-5-5 derived from FE models 

Structure 

Number 

Number of 

Girders 

Ratio FEA (6-5-6/6-4-6) Ratio FEA (6-5-6/5-5-5) 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

Exterior 

Positive 

Exterior 

Negative 

Interior 

Positive 

Interior 

Negative 

22520 4 0.97 0.94 0.96 0.96 0.91 0.90 0.94 0.94 

16220 4 0.98 0.98 0.94 0.94 0.92 0.91 0.93 0.92 

46730 4 0.97 0.94 0.96 0.94 0.91 0.89 0.94 0.93 

46750 4 0.96 0.96 0.95 0.96 0.91 0.90 0.94 0.94 

37570 4 0.97 0.96 0.96 0.94 0.92 0.91 0.95 0.92 

25140 4 0.97 0.96 0.95 0.95 0.91 0.90 0.93 0.93 

29110 4 0.98 0.98 0.94 0.94 0.92 0.91 0.94 0.92 

15750 4 0.96 0.96 0.95 0.96 0.91 0.90 0.94 0.94 

43370 4 0.97 NA 0.95 NA 0.91 NA 0.94 NA 

50910 4 0.97 0.95 0.96 0.98 0.92 0.91 0.95 0.96 

43880 4 0.97 0.97 0.95 0.95 0.92 0.91 0.93 0.93 

606320 5 0.97 0.97 0.96 0.94 0.93 0.93 0.95 0.93 

50995 5 0.97 0.96 0.96 0.96 0.93 0.93 0.95 0.95 

22930 5 0.97 0.96 0.97 0.94 0.93 0.92 0.95 0.93 

364700 6 0.97 0.96 0.97 0.98 0.93 0.92 0.97 0.98 

19011 6 0.97 0.96 0.96 0.97 0.93 0.92 0.95 0.95 

40521 7 0.97 0.96 0.96 0.98 0.93 0.92 0.96 0.97 

13330 7 0.97 NA 0.93 NA 0.92 NA 0.94 NA 

601356 8 0.97 0.97 0.95 0.97 0.92 0.92 0.95 0.97 

609280 8 0.97 0.96 0.96 0.98 0.93 0.92 0.95 0.97 

Mean 0.97 0.96 0.95 0.96 0.92 0.91 0.95 0.94 

Std. Dev 0.00 0.01 0.01 0.02 0.01 0.01 0.01 0.02 

Minimum 0.96 0.94 0.93 0.94 0.91 0.89 0.93 0.92 

Maximum 0.98 0.98 0.97 0.98 0.93 0.93 0.97 0.98 

 

Figure 3.24 also shows the relationships of moment LDF ratios associated with Truck-6-4 and 

Truck-5-5 and bridge parameters. 
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(a) Number of girders 

 
(b) Bridge 

Figure 3.24 Relationships of moment LDF ratios associated with Truck-6-4 and Truck-5-5 

and bridge parameters 

It is indicated from Table 3.26 that the moment LDF ratios slightly vary along with the number 

of girders and different bridges.  

To further investigate the variability, several statistical parameters including mean, standard 

deviation, maximum value, and minimum moment LDF ratios for the 20 steel bridges were 

calculated for each dual-lane load as shown in Table 3.27.  
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Table 3.27 Ratios of moment LDFs to baseline 6-5-6 and recommended axle weight limits 

for steel bridges 

Dual- 

Lane  

Load  

Type 

Ratio to Baseline 6-5-6 

Girder  

Type Region Mean 

Standard  

Deviation Maximum Minimum 

Maximum  

in  

Girder  

Type Recommended 

Recommended  

Weight Limit  

per Lane  

(kips) 

3-3-3 

Interior 
Positive 0.61 0.09 0.74 0.45 

0.45 

0.45 9.0 
Negative 0.61 0.09 0.75 0.50 

Exterior 
Positive 0.82 0.08 0.96 0.66 

0.66 
Negative 0.83 0.09 0.97 0.67 

4-2-4 

Interior 
Positive 0.74 0.02 0.78 0.71 

0.69 

0.69 13.8 
Negative 0.72 0.03 0.78 0.69 

Exterior 
Positive 0.82 0.06 0.95 0.72 

0.70 
Negative 0.82 0.06 0.95 0.70 

4-2.5-4 

Interior 
Positive 0.76 0.02 0.79 0.73 

0.70 

0.70 13.9 
Negative 0.74 0.03 0.79 0.70 

Exterior 
Positive 0.83 0.06 0.94 0.74 

0.71 
Negative 0.83 0.07 0.97 0.71 

4-3-4 

Interior 
Positive 0.78 0.02 0.81 0.75 

0.72 

0.72 14.3 
Negative 0.76 0.03 0.80 0.72 

Exterior 
Positive 0.84 0.05 0.94 0.76 

0.73 
Negative 0.84 0.06 0.97 0.73 

4-3.5-4 

Interior 
Positive 0.79 0.02 0.82 0.77 

0.73 

0.73 14.7 
Negative 0.78 0.03 0.82 0.73 

Exterior 
Positive 0.85 0.04 0.95 0.78 

0.75 
Negative 0.86 0.06 0.97 0.75 

4-4-4 

Interior 
Positive 0.81 0.02 0.84 0.79 

0.75 

0.75 15.1 
Negative 0.79 0.02 0.83 0.75 

Exterior 
Positive 0.86 0.04 0.95 0.80 

0.77 
Negative 0.87 0.05 0.97 0.77 

4-4.5-4 

Interior 
Positive 0.83 0.02 0.85 0.81 

0.77 

0.77 15.5 
Negative 0.81 0.02 0.85 0.77 

Exterior 
Positive 0.88 0.03 0.95 0.83 

0.79 
Negative 0.89 0.04 0.97 0.79 

4-5-4 

Interior 
Positive 0.84 0.02 0.87 0.82 

0.79 

0.79 15.9 
Negative 0.83 0.02 0.86 0.79 

Exterior 
Positive 0.90 0.03 0.95 0.85 

0.85 
Negative 0.90 0.03 0.97 0.85 

5-2-5 

Interior 
Positive 0.82 0.02 0.87 0.80 

0.76 

0.76 15.2 
Negative 0.80 0.02 0.84 0.76 

Exterior 
Positive 0.85 0.04 0.94 0.77 

0.75 
Negative 0.85 0.06 0.96 0.75 

5-2.5-5 

Interior 
Positive 0.84 0.02 0.89 0.82 

0.78 

0.78 15.6 
Negative 0.82 0.02 0.85 0.78 

Exterior 
Positive 0.86 0.04 0.94 0.80 

0.77 
Negative 0.87 0.05 0.96 0.77 

5-3-5 

Interior 
Positive 0.86 0.02 0.91 0.84 

0.80 

0.80 16.0 
Negative 0.84 0.02 0.87 0.80 

Exterior 
Positive 0.87 0.03 0.94 0.82 

0.79 
Negative 0.88 0.04 0.96 0.79 
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Dual- 

Lane  

Load  

Type 

Ratio to Baseline 6-5-6 

Girder  

Type Region Mean 

Standard  

Deviation Maximum Minimum 

Maximum  

in  

Girder  

Type Recommended 

Recommended  

Weight Limit  

per Lane  

(kips) 

5-3.5-5 

Interior 
Positive 0.87 0.01 0.89 0.86 

0.82 

0.82 16.4 
Negative 0.86 0.02 0.88 0.82 

Exterior 
Positive 0.89 0.03 0.95 0.84 

0.84 
Negative 0.89 0.03 0.96 0.84 

5-4-5 

Interior 
Positive 0.89 0.01 0.90 0.87 

0.84 

0.84 16.8 
Negative 0.87 0.02 0.90 0.84 

Exterior 
Positive 0.91 0.02 0.95 0.87 

0.87 
Negative 0.91 0.03 0.97 0.87 

5-4.5-5 

Interior 
Positive 0.91 0.01 0.92 0.89 

0.86 

0.86 17.3 
Negative 0.89 0.01 0.91 0.86 

Exterior 
Positive 0.92 0.02 0.96 0.90 

0.89 
Negative 0.92 0.02 0.97 0.89 

5-5-5 

Interior 
Positive 0.92 0.01 0.93 0.91 

0.89 

0.89 17.7 
Negative 0.91 0.01 0.93 0.89 

Exterior 
Positive 0.95 0.01 0.97 0.93 

0.92 
Negative 0.94 0.02 0.98 0.92 

6-2-6 

Interior 
Positive 0.90 0.02 0.97 0.89 

0.85 

0.85 17.0 
Negative 0.88 0.02 0.90 0.85 

Exterior 
Positive 0.89 0.03 0.94 0.83 

0.83 
Negative 0.90 0.03 0.96 0.84 

6-2.5-6 

Interior 
Positive 0.92 0.01 0.94 0.91 

0.87 

0.87 17.4 
Negative 0.90 0.01 0.92 0.87 

Exterior 
Positive 0.90 0.02 0.95 0.86 

0.86 
Negative 0.91 0.03 0.96 0.86 

6-3-6 

Interior 
Positive 0.94 0.01 0.96 0.93 

0.90 

0.90 17.9 
Negative 0.92 0.01 0.94 0.90 

Exterior 
Positive 0.92 0.02 0.96 0.88 

0.88 
Negative 0.92 0.02 0.97 0.89 

6-3.5-6 

Interior 
Positive 0.95 0.01 0.97 0.95 

0.92 

0.92 18.4 
Negative 0.94 0.01 0.96 0.92 

Exterior 
Positive 0.93 0.02 0.96 0.90 

0.90 
Negative 0.94 0.02 0.98 0.91 

6-4-6 

Interior 
Positive 0.97 0.00 0.98 0.96 

0.94 

0.94 18.8 
Negative 0.96 0.01 0.98 0.94 

Exterior 
Positive 0.95 0.01 0.97 0.93 

0.93 
Negative 0.96 0.02 0.98 0.94 

6-4.5-6 

Interior 
Positive 0.99 0.00 0.99 0.98 

0.96 

0.96 19.2 
Negative 0.98 0.01 0.99 0.96 

Exterior 
Positive 0.98 0.01 0.98 0.96 

0.95 
Negative 0.98 0.01 0.99 0.95 

 

The minimum values for the interior and exterior girders were also determined based on the 

smaller values of negative and positive moment regions shown in Table 3.27. Then, 

recommended moment LDF ratios were determined based on the minimum values for interior 

girders due to the fact that the interior girders commonly control designs and the exterior girders 

are commonly designed using the same cross-sections as the interior girders. Then, the 
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recommended axle weight limits were determined by the baseline axle weight limit of 20 kips 

multiplied by the recommended moment LDF ratios shown in Table 3.27.  

Following the same procedure, the shear LDF ratios and recommended axle weight limits for the 

steel bridges, the moment LDF ratios and recommended axle weight limits for the concrete 

bridges, and the equivalent width ratios and recommended axle weight limits for the slab bridges 

were determined as summarized in Table 3.28, Table 3.29, and Table 3.30, respectively.  
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Table 3.28 Ratios of shear LDFs to baseline 6-5-6 and recommended axle weight limits for 

steel bridges 

Dual- 

Lane  

Load  

Type 

Ratio to Baseline 6-5-6 

Girder  

Type Mean 

Standard  

Deviation Maximum Minimum 

Maximum 

 in  

Girder  

Type 

Recommended  

Axle Weight  

Limit per Lane  

(kips) 

3-3-3 
Exterior 0.56 0.08 0.68 0.43 

0.58 11.7 
Interior 0.67 0.09 0.91 0.58 

4-2-4 
Exterior 0.70 0.02 0.74 0.65 

0.61 12.1 
Interior 0.69 0.07 0.88 0.61 

4-2.5-4 
Exterior 0.72 0.03 0.77 0.67 

0.63 12.7 
Interior 0.71 0.07 0.89 0.63 

4-3-4 
Exterior 0.74 0.03 0.79 0.69 

0.65 13.0 
Interior 0.72 0.06 0.89 0.65 

4-3.5-4 
Exterior 0.77 0.02 0.81 0.72 

0.68 13.7 
Interior 0.74 0.05 0.89 0.68 

4-4-4 
Exterior 0.78 0.02 0.82 0.74 

0.73 14.6 
Interior 0.77 0.04 0.90 0.73 

4-4.5-4 
Exterior 0.80 0.02 0.84 0.76 

0.76 15.3 
Interior 0.79 0.03 0.90 0.76 

4-5-4 
Exterior 0.82 0.02 0.85 0.78 

0.80 15.9 
Interior 0.83 0.03 0.91 0.80 

5-2-5 
Exterior 0.79 0.03 0.86 0.72 

0.67 13.5 
Interior 0.74 0.05 0.87 0.67 

5-2.5-5 
Exterior 0.81 0.04 0.88 0.74 

0.70 14.1 
Interior 0.76 0.05 0.88 0.70 

5-3-5 
Exterior 0.83 0.03 0.89 0.78 

0.74 14.7 
Interior 0.78 0.04 0.88 0.74 

5-3.5-5 
Exterior 0.85 0.03 0.91 0.81 

0.78 15.5 
Interior 0.81 0.03 0.89 0.78 

5-4-5 
Exterior 0.87 0.02 0.91 0.84 

0.81 16.2 
Interior 0.84 0.02 0.90 0.81 

5-4.5-5 
Exterior 0.89 0.02 0.92 0.86 

0.86 17.1 
Interior 0.87 0.01 0.92 0.86 

5-5-5 
Exterior 0.91 0.01 0.94 0.87 

0.89 17.9 
Interior 0.91 0.01 0.93 0.89 

6-2-6 
Exterior 0.88 0.04 0.95 0.81 

0.73 14.5 
Interior 0.80 0.04 0.88 0.73 

6-2.5-6 
Exterior 0.90 0.03 0.97 0.85 

0.76 15.3 
Interior 0.82 0.03 0.89 0.76 

6-3-6 
Exterior 0.92 0.03 0.98 0.88 

0.79 15.9 
Interior 0.85 0.02 0.91 0.79 

6-3.5-6 
Exterior 0.94 0.03 1.00 0.90 

0.82 16.4 
Interior 0.88 0.02 0.92 0.82 

6-4-6 
Exterior 0.96 0.02 1.01 0.93 

0.87 17.4 
Interior 0.92 0.01 0.93 0.87 

6-4.5-6 
Exterior 0.98 0.02 1.00 0.95 

0.93 18.7 
Interior 0.96 0.01 0.96 0.93 
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Table 3.29 Ratios of moment LDFs to baseline 6-5-6 and recommended axle weight limits 

for concrete bridges 

Dual- 

Lane  

Load  

Type 

Ratio to Baseline 6-5-6 

Girder  

Type Region Mean 

Standard  

Deviation Maximum Minimum 

Minimum  

in  

Girder Type Recommended 

Recommended  

Axle Weight  

Limit per Lane  

(kips) 

3-3-3 

Exterior 
Positive 0.56 0.10 0.65 0.32 

0.30 

0.57 11.4 
Negative 0.54 0.10 0.64 0.30 

Interior 
Positive 0.70 0.08 0.91 0.60 

0.57 
Negative 0.71 0.08 0.92 0.57 

4-2-4 

Exterior 
Positive 0.73 0.02 0.80 0.70 

0.68 

0.61 12.1 
Negative 0.71 0.03 0.79 0.68 

Interior 
Positive 0.71 0.06 0.85 0.63 

0.61 
Negative 0.72 0.06 0.86 0.61 

4-2.5-4 

Exterior 
Positive 0.75 0.02 0.82 0.72 

0.71 

0.63 12.7 
Negative 0.73 0.04 0.88 0.71 

Interior 
Positive 0.73 0.05 0.85 0.65 

0.63 
Negative 0.74 0.06 0.86 0.63 

4-3-4 

Exterior 
Positive 0.77 0.02 0.83 0.74 

0.73 

0.66 13.3 
Negative 0.75 0.04 0.89 0.73 

Interior 
Positive 0.75 0.05 0.85 0.67 

0.66 
Negative 0.76 0.05 0.86 0.66 

4-3.5-4 

Exterior 
Positive 0.78 0.02 0.85 0.76 

0.75 

0.70 14.0 
Negative 0.77 0.04 0.89 0.75 

Interior 
Positive 0.77 0.04 0.85 0.71 

0.70 
Negative 0.78 0.04 0.86 0.70 

4-4-4 

Exterior 
Positive 0.80 0.02 0.86 0.79 

0.77 

0.74 14.7 
Negative 0.79 0.03 0.89 0.77 

Interior 
Positive 0.80 0.03 0.86 0.74 

0.74 
Negative 0.81 0.03 0.87 0.74 

4-4.5-4 

Exterior 
Positive 0.82 0.02 0.87 0.80 

0.78 

0.77 15.4 
Negative 0.81 0.03 0.89 0.78 

Interior 
Positive 0.83 0.03 0.87 0.77 

0.77 
Negative 0.83 0.03 0.88 0.78 

4-5-4 

Exterior 
Positive 0.83 0.01 0.87 0.82 

0.80 

0.81 16.2 
Negative 0.82 0.02 0.89 0.80 

Interior 
Positive 0.86 0.02 0.89 0.81 

0.81 
Negative 0.86 0.02 0.89 0.82 

5-2-5 

Exterior 
Positive 0.82 0.03 0.91 0.80 

0.78 

0.66 13.3 
Negative 0.81 0.05 0.97 0.78 

Interior 
Positive 0.76 0.05 0.84 0.67 

0.66 
Negative 0.77 0.05 0.85 0.66 

5-2.5-5 

Exterior 
Positive 0.84 0.03 0.92 0.82 

0.80 

0.69 13.9 
Negative 0.83 0.05 0.98 0.80 

Interior 
Positive 0.78 0.04 0.85 0.70 

0.69 
Negative 0.79 0.04 0.86 0.69 

5-3-5 

Exterior 
Positive 0.86 0.02 0.93 0.84 

0.82 

0.73 14.7 
Negative 0.85 0.04 0.97 0.82 

Interior 
Positive 0.81 0.04 0.86 0.74 

0.73 
Negative 0.82 0.04 0.87 0.73 
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Dual- 

Lane  

Load  

Type 

Ratio to Baseline 6-5-6 

Girder  

Type Region Mean 

Standard  

Deviation Maximum Minimum 

Minimum  

in  

Girder Type Recommended 

Recommended  

Axle Weight  

Limit per Lane  

(kips) 

5-3.5-5 

Exterior 
Positive 0.87 0.02 0.94 0.86 

0.84 

0.77 15.5 
Negative 0.87 0.04 0.97 0.84 

Interior 
Positive 0.83 0.03 0.88 0.78 

0.77 
Negative 0.84 0.03 0.88 0.77 

5-4-5 

Exterior 
Positive 0.89 0.02 0.94 0.88 

0.86 

0.82 16.4 
Negative 0.88 0.03 0.97 0.86 

Interior 
Positive 0.86 0.02 0.90 0.82 

0.82 
Negative 0.87 0.02 0.90 0.82 

5-4.5-5 

Exterior 
Positive 0.90 0.01 0.94 0.89 

0.88 

0.86 17.2 
Negative 0.90 0.02 0.97 0.88 

Interior 
Positive 0.90 0.02 0.92 0.86 

0.86 
Negative 0.90 0.01 0.92 0.87 

5-5-5 

Exterior 
Positive 0.92 0.01 0.94 0.90 

0.90 

0.90 18.1 
Negative 0.91 0.01 0.96 0.90 

Interior 
Positive 0.93 0.01 0.95 0.90 

0.90 
Negative 0.93 0.01 0.94 0.91 

6-2-6 

Exterior 
Positive 0.91 0.03 0.99 0.89 

0.87 

0.72 14.5 
Negative 0.91 0.05 1.04 0.87 

Interior 
Positive 0.81 0.04 0.87 0.72 

0.72 
Negative 0.83 0.04 0.88 0.73 

6-2.5-6 

Exterior 
Positive 0.93 0.02 1.00 0.92 

0.89 

0.76 15.3 
Negative 0.93 0.04 1.04 0.89 

Interior 
Positive 0.84 0.03 0.89 0.76 

0.76 
Negative 0.85 0.04 0.90 0.77 

6-3-6 

Exterior 
Positive 0.95 0.02 1.00 0.94 

0.92 

0.81 16.2 
Negative 0.94 0.03 1.03 0.92 

Interior 
Positive 0.86 0.03 0.91 0.81 

0.81 
Negative 0.88 0.03 0.91 0.81 

6-3.5-6 

Exterior 
Positive 0.96 0.01 1.00 0.95 

0.94 

0.85 17.1 
Negative 0.96 0.02 1.03 0.94 

Interior 
Positive 0.89 0.02 0.93 0.85 

0.85 
Negative 0.90 0.02 0.93 0.86 

6-4-6 

Exterior 
Positive 0.98 0.01 1.00 0.97 

0.96 

0.89 17.9 
Negative 0.97 0.02 1.02 0.96 

Interior 
Positive 0.93 0.02 0.95 0.89 

0.89 
Negative 0.94 0.02 0.96 0.90 

6-4.5-6 

Exterior 
Positive 0.99 0.00 1.00 0.98 

0.98 

0.95 18.9 
Negative 0.99 0.01 1.01 0.98 

Interior 
Positive 0.96 0.01 0.97 0.95 

0.95 
Negative 0.97 0.01 0.98 0.95 
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Table 3.30 Ratios of equivalent lengths to baseline 6-5-6 and recommended axle weight 

limits for slab bridges 

Dual- 

Lane  

Load  

Type 

Ratio to Baseline 6-5-6 

Region Mean 

Standard  

Deviation Maximum Minimum Recommended 

Reccomended  

Axle Weight  

Limit Per Lane  

(kips) 

3-3-3 
Positive 0.52 0.04 0.45 0.58 

0.45 9.0 
Negative 0.40 0.04 0.31 0.45 

4-2-4 
Positive 0.81 0.02 0.84 0.77 

0.70 13.9 
Negative 0.73 0.01 0.75 0.70 

4-2.5-4 
Positive 0.82 0.02 0.85 0.79 

0.71 14.2 
Negative 0.75 0.02 0.79 0.71 

4-3-4 
Positive 0.83 0.02 0.86 0.80 

0.73 14.5 
Negative 0.77 0.02 0.80 0.73 

4-3.5-4 
Positive 0.84 0.02 0.87 0.82 

0.74 14.9 
Negative 0.79 0.02 0.82 0.74 

4-4-4 
Positive 0.86 0.01 0.88 0.84 

0.76 15.2 
Negative 0.80 0.02 0.83 0.76 

4-4.5-4 
Positive 0.87 0.01 0.89 0.85 

0.78 15.5 
Negative 0.82 0.02 0.85 0.78 

4-5-4 
Positive 0.88 0.01 0.90 0.86 

0.79 15.9 
Negative 0.84 0.02 0.86 0.79 

5-2-5 
Positive 0.86 0.04 0.89 0.71 

0.71 14.3 
Negative 0.81 0.01 0.84 0.77 

5-2.5-5 
Positive 0.88 0.01 0.90 0.85 

0.79 15.8 
Negative 0.83 0.01 0.85 0.79 

5-3-5 
Positive 0.89 0.01 0.91 0.87 

0.81 16.1 
Negative 0.85 0.02 0.87 0.81 

5-3.5-5 
Positive 0.91 0.01 0.92 0.89 

0.83 16.5 
Negative 0.87 0.01 0.89 0.83 

5-4-5 
Positive 0.92 0.01 0.93 0.90 

0.87 17.4 
Negative 0.89 0.01 0.90 0.87 

5-4.5-5 
Positive 0.93 0.01 0.95 0.92 

0.89 17.8 
Negative 0.91 0.01 0.92 0.89 

5-5-5 
Positive 0.94 0.01 0.95 0.93 

0.90 18.1 
Negative 0.92 0.01 0.93 0.90 

6-2-6 
Positive 0.92 0.01 0.94 0.88 

0.84 16.7 
Negative 0.89 0.02 0.91 0.84 

6-2.5-6 
Positive 0.94 0.01 0.95 0.90 

0.85 17.1 
Negative 0.91 0.02 0.92 0.85 

6-3-6 
Positive 0.95 0.01 0.96 0.92 

0.87 17.5 
Negative 0.93 0.02 0.94 0.87 

6-3.5-6 
Positive 0.96 0.01 0.97 0.94 

0.89 17.7 
Negative 0.95 0.02 0.96 0.89 

6-4-6 
Positive 0.98 0.00 0.98 0.96 

0.90 17.9 
Negative 0.96 0.02 0.97 0.90 

6-4.5-6 
Positive 0.99 0.00 0.99 0.98 

0.98 19.6 
Negative 0.98 0.00 0.99 0.98 
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The final recommended axle weight limits for different bridge types and all bridge types are 

summarized in Table 3.31.  

Table 3.31 Recommended axle weight limits for different types of bridges 

Dual-Lane  

Load Type 

Recommended Axle Weight Limit per Lane (kips) 

Steel  

Bridges_Moment 

Steel  

Bridges_Shear 

Concrete  

Bridges 

Slab  

Bridges 

All Bridge  

Types 

3-3-3 9.0 11.7 11.4 9.0 9.0 

4-2-4 13.8 12.1 12.1 13.9 12.1 

4-2.5-4 13.9 12.7 12.7 14.2 12.7 

4-3-4 14.3 13.0 13.3 14.5 13.0 

4-3.5-4 14.7 13.7 14.0 14.9 13.7 

4-4-4 15.1 14.6 14.7 15.2 14.6 

4-4.5-4 15.5 15.3 15.4 15.5 15.3 

4-5-4 15.9 15.9 16.2 15.9 15.9 

5-2-5 15.2 13.5 13.3 14.3 13.3 

5-2.5-5 15.6 14.1 13.9 15.8 13.9 

5-3-5 16.0 14.7 14.7 16.1 14.7 

5-3.5-5 16.4 15.5 15.5 16.5 15.5 

5-4-5 16.8 16.2 16.4 17.4 16.2 

5-4.5-5 17.3 17.1 17.2 17.8 17.1 

5-5-5 17.7 17.9 18.1 18.1 17.7 

6-2-6 17.0 14.5 14.5 16.7 14.5 

6-2.5-6 17.4 15.3 15.3 17.1 15.3 

6-3-6 17.9 15.9 16.2 17.5 15.9 

6-3.5-6 18.4 16.4 17.1 17.7 16.4 

6-4-6 18.8 17.4 17.9 17.9 17.4 

6-4.5-6 19.2 18.7 18.9 19.6 18.7 

6-5-6 20.0 20.0 20.0 20.0 20.0 

 

Note that the recommended axle weight limits for all bridge types were determined through 

selection of the smallest values of the investigated bridge types for each dual-lane load type. As 

indicated in Table 3.31, the smaller axle weight limit should be used for narrower wheel-line 

spacing. 
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CHAPTER 4 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

4.1 Summary and Conclusions 

The researchers randomly sampled 20 prestressed-concrete girder bridges, 20 steel girder 

bridges, and 20 slab bridges from the Iowa bridge database to study the lateral load distribution 

on bridges under variable wheel spacing for multiple dual-lane loadings. Two-dimensional linear 

elastic FE models of the selected bridges were established to determine the LDFs for the 

concrete and steel girder bridges and the equivalent deck widths for the slab bridges.  

To study the variations of LDFs, 22 types of single-axle, four-wheel-line loads were considered. 

These load configurations consisted of combinations of the spacing between the interior wheel 

lines (2 ft, 2.5 ft, 3 ft, 3.5 ft, 4 ft, 4.5 ft, and 5 ft) and the spacing between the exterior wheel pairs 

(4, 5, and 6 ft). A special case also considered had 3 ft spacing between all four wheel lines.  

To calculate moment and shear LDFs for both the steel and concrete girder bridges, the internal 

forces in the girders at critical cross-sections were extracted from the FE models. Moment LDFs 

were calculated at all applicable bridge cross-sections: (1) interior girders in the positive moment 

region, (2) interior girders in the negative moment region, (3) exterior girders in the positive 

moment region, and (4) exterior girders in the negative moment region. Shear LDFs were 

calculated for two regions: (1) interior girders and (2) exterior girders. Then, the largest value 

was taken as the LDF for each region. The equivalent widths of the slab bridges were calculated 

based on the strain distributions in the deck at critical bridge cross-sections in two regions: (1) 

the positive moment region and (2) the negative moment region. From the calculated results, the 

smallest value was taken as the equivalent width for each region. 

Based on the FE results, the moment LDFs for the 20 steel girder bridges and 20 concrete girder 

bridges, the shear LDFs for the 20 steel bridges, and the equivalent widths for the 20 slab bridges 

were determined. For comparison purposes, the corresponding moment and shear LDFs and 

equivalent widths were also determined using the AASHTO equations.  

To evaluate the adequacy of the Iowa DOT five-foot requirement, the LDFs and equivalent 

widths obtained using the FE models were compared with those using the AASHTO equations 

for all of the investigated bridges. Conclusions were as follows: 

 The moment LDFs in the negative moment regions were almost the same as those in the 

positive moment regions for both exterior and interior girders of the steel and concrete girder 

bridges.  

 The AASHTO LRFD and LFD equations sometimes overestimated and sometimes 

underestimated moment LDFs based on the FE results. For the interior girders of the concrete 

girder bridges, the LRFD equations provided good estimations of the moment LDFs and the 

LFD equations underestimated the moment LDFs. For the exterior girders of the concrete 

girder bridges, both the LRFD equations and the LFD equations overestimated the moment 

LDFs. For the interior girders of the steel girder bridges, the LRFD equations underestimated 
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the moment LDFs and the LFD equations overestimated the moment LDFs. For the exterior 

girders of the steel girder bridges, the LRFD equations underestimated the moment LDFs of 

the exterior girders and the LFD equations overestimated the moment LDFs.  

 The AASHTO LRFD and LFD equations also either overestimated or underestimated shear 

LDFs based on the FE results. For interior girders of the steel girder bridges, both the LRFD 

equations and the LFD equations underestimated the shear LDFs. For the exterior girders of 

the steel bridges, both the LRFD and LFD equations overestimated the shear LDFs. 

 The LRFD equations slightly overestimated the equivalent widths in the positive moment 

regions and slightly underestimated the equivalent widths in the negative moment regions. 

 The LRFD equations gave more consistent predictions than the LFD equations. For the most 

part, no significant relationships were found between the important bridge parameters and the 

accuracy of AASHTO equations in the prediction of LDFs and equivalent widths, although 

some general trends were found. For instance, the LRFD equations were less conservative for 

both moment and shear LDFs when the number of girders was no more than five, and the 

equivalent widths predicted using LRFD equations were less conservative when the modified 

span length was longer than 30 ft. 

 The Iowa DOT current practice on the moment and shear LDFs and equivalent widths for 

dual-lane loads is reasonable and adequate. 

Based on the derived LDFs and equivalent lengths, the axle weight limits per lane for other dual-

lane load types were further investigated and could be used to complement the current Iowa 

DOT policy. The axle weight limits per lane for different dual-lane load types were determined 

based on a baseline axle weight limit of 20 kips times the final LDF or equivalent length ratio. 

The final recommended axle weight limit for each dual-lane load type was also determined 

through selection of the lowest values for all of the investigated bridge types as shown in Table 

4.1.  
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Table 4.1 Recommended axle weight limits for different types of bridges 

Dual-Lane  

Load Type 

Recommended Axle Weight Limit per Lane (kips) 

Steel  

Bridges_Moment 

Steel  

Bridges_Shear 

Concrete  

Bridges 

Slab  

Bridges 

All Bridge  

Types 

3-3-3 9.0 11.7 11.4 9.0 9.0 

4-2-4 13.8 12.1 12.1 13.9 12.1 

4-2.5-4 13.9 12.7 12.7 14.2 12.7 

4-3-4 14.3 13.0 13.3 14.5 13.0 

4-3.5-4 14.7 13.7 14.0 14.9 13.7 

4-4-4 15.1 14.6 14.7 15.2 14.6 

4-4.5-4 15.5 15.3 15.4 15.5 15.3 

4-5-4 15.9 15.9 16.2 15.9 15.9 

5-2-5 15.2 13.5 13.3 14.3 13.3 

5-2.5-5 15.6 14.1 13.9 15.8 13.9 

5-3-5 16.0 14.7 14.7 16.1 14.7 

5-3.5-5 16.4 15.5 15.5 16.5 15.5 

5-4-5 16.8 16.2 16.4 17.4 16.2 

5-4.5-5 17.3 17.1 17.2 17.8 17.1 

5-5-5 17.7 17.9 18.1 18.1 17.7 

6-2-6 17.0 14.5 14.5 16.7 14.5 

6-2.5-6 17.4 15.3 15.3 17.1 15.3 

6-3-6 17.9 15.9 16.2 17.5 15.9 

6-3.5-6 18.4 16.4 17.1 17.7 16.4 

6-4-6 18.8 17.4 17.9 17.9 17.4 

6-4.5-6 19.2 18.7 18.9 19.6 18.7 

6-5-6 20.0 20.0 20.0 20.0 20.0 

 

The research team found that a lighter axle weight limit should be used for dual-lane loads with 

narrower wheel-line spacing. 

4.2 Future Work 

The results from the FE simulations in this study indicate that the LDFs for the investigated four-

girder steel and concrete bridges are underestimated using the AASHTO LRFD equations. For 

improvement purposes, future work can be focused on development of more accurate equations 

for estimating LDFs for four-girder steel and concrete bridges. 
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